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PREFACE 


The  International  Library  of  Technology  is  the  outgrowth 
of  a  large  and  increasing  demand  that  has  arisen  for  the 
Reference  Libraries  of  the  International  Correspondence 
Schools  on  the  part  of  those  who  are  not  students  of  the 
Schools.  As  the  volumes  composing  this  Library  are  all 
printed  from  the  same  plates  used  in  printing  the  Reference 
Libraries  above  .mentioned,  a  few  .-words  are  necessary 
regarding  the  soopt?  and* purpose*  of  J:he  instruction  imparted 
to  the  students  of— ^and.the  ciass  of  students  taught  by — 
these  Schools,  in  ofdcr-to  :^f![\:>rd  a  clear  understanding  of 
their  salient  and  uniqat.  feat»«r€^^; 
The  only  requirement  Tor  adiirission  to  any  of  the  courses 
offered  by  the  International  Correspondence  Schools  is  that 
the  applicant  shall  be  able  to  read  the  English  language  and 
to  write  it  sufficiently  well  to  make  his  written  answers  to 
the  questions  asked  him  intelligible.  Each  course  is  com- 
plete in  itself,  and  no  textbooks  are  required  other  than 
those  prepared  by  the  Schools  for  the  particular  course 
selected.  The  students  themselves  are  from  every  class, 
trade,  and  profession  and  from  every  country;  they  are, 
almost  without  exception,  busily  engaged  in  some  vocation, 
and  can  spare  but  little  time  for  study,  and  that  usually 
outside  of  their  regular  working  hours.  The  information 
desired  is  such  as  can  be  immediately  applied  in  practice, 
so  that  the  student  may  be  enabled  to  exchange  his 
present  vocation  for  a  more  congenial  one  or  to  rise  to  a 
higher  level  in  the  one  he  now  pursues.     Furthermore,  he 
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wishes  to  obtain  a  good  working  knowledge  of  the  subjects 
treated  in  the  shortest  time  and  in  the  most  direct  manner 
possible. 

In  meeting  these  requirements,  we  have  produced  a  set  of 
books  that  in  many  respects,  and  particularly  in  the  general 
plan  followed,  are  absolutely  unique.  In  the  majority  of 
subjects  treated  the  knowledge  of  mathematics  required  is 
limited  to  the  simplest  principles  of  arithmetic  and  men- 
suration, and  in  no  case  is  any  greater  knowledge  of 
mathematics  needed  than  the  simplest  elementary  principles 
of  algebra,  geometry,  and  trigonometry,  with  a  thorough, 
practical  acquaintance  with  the  use  of  the  logarithmic 
table.  To  effect  this  result,  derivations  of  rules  and 
formulas  are  omitted,  but  thorough  and  complete  instruc- 
tions are  given  regarding  hpw,  when,  and  under  what 
circumstances  any  particular  rule,  formula,  or  process 
should  be  applied;  au^  "wh^^vcrj  {jossiblp  one  or  more 
examples,  such  as  wo*!ttL*D^j4kOy  W*fL*ri^6:i;it  actual  practice 
— together  with  their  solu4ri9ris-f^|»^  givjen  to  illustrate  and 
explain  its  application.       •••*;•.:•..:%.*  *• 

In  preparing  these  te25£ir(|ojte, :it.* has  jDeen  our  constant 
endeavor  to  view  the  matteVfi'oo!  5:lie2sytodent's  standpoint, 
and  to  try  and  anticipate  everything  that  would  cause  him 
trouble.  The  utmost  pains  have  been  taken  to  avoid  and 
correct  any  and  all  ambiguous  expressions — both  those  due 
to  faulty  rhetoric  and  those  due  to  insufficiency  of  statement 
or  explanation.  As  the  best  way  to  make  a  statement, 
explanation,  or  description  clear  is  to  give  a  picture  or  a 
diagram  in  connection  with  it,  illustrations  have  been  used 
almost  without  limit.  The  illustrations  have  in  all  cases 
been  adapted  to  the  requirements  of  the  text,  and  projec- 
tions and  sections  or  outline,  partially  shaded,  or  full-shaded 
perspectives  have  been  used,  according  to  which  will  best 
produce  the  desired  results.  Half-tones  have  been  used 
rather  sparingly,  except  in  those  cases  where  the  general 
effect  is  desired  rather  than  the  actual  details. 

It  is  obvious  that  books  prepared  along  the  lines  men- 
tioned must  not  only  be  clear  and  concise  beyond  anything 
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heretofore  attempted,  but  they  must  also  possess  unequaled 
value  for  reference  purposes.  They  not  only  give  the 
maximum  of  information  in  a  minimum  space,  but  this 
information  is  so  ingeniously  arranged  and  correlated,  and 
the  indexes  are  so  full  and  complete,  that  it  can  at  once  be 
made  available  to  the  reader.  The  numerous  examples  and 
explanatory  remarks,  together  with  the  absence  of  long 
demonstrations  and  abstruse  mathematical  calculations,  are 
of  great  assistance  in  helping  one  to  select  the  proper 
formula,  method,  or  process  and  in  teaching  him  how  and 
when  it  should  be  used. 

This  volume  contains  papers  on  the  following  subjects  of 
particular  interest  to  the  metal  miner  and  prospector  : 
blowpiping,  mineralogy,  geology,  and  prospecting.  These 
subjects  are  covered  in  sufficient  detail  to  enable  the  pro- 
spector to  properly  locate  mining  claims,  to  determine  the 
value  of  minerals,  and  to  recognize  likely  regions  for 
prospecting  and  thus  avoid  working  in  wholly  unproductive 
fields.  The  text  has  been  so  prepared  that  the  only  pre- 
liminary knowledge  required  is  a  little  arithmetic  and  how 
to  read  and  write  the  English  language. 

The  method  of  numbering  the  pages,  cuts,  articles,  etc. 
is  such  that  each  subject  or  part,  when  the  subject  is  divided 
into  two  or  more  parts,  is  complete  in  itself  ;  hence,  in  order 
to  make  the  index  intelligible,  it  was  necessary  to  give  each 
subject  or  part  a  number.  This  number  is  placed  at  the  top 
of  each  page,  on  the  headline,  opposite  the  page  number; 
and  to  distinguish  it  from  the  page  number  it  is  pre- 
ceded by  the  printer's  section  mark  (§).  Consequently,  a 
reference  such  as  §  37,  page  26,  will  be  readily  found  by 
looking  along  the  inside  edges  of  the  headlines  until  §  37  is 
found,  and  then  through  §  37  until  page  26  is  found. 
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Rock.  §37.  p4. 
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Plow  of  water  through  rocks,  f37,  p69. 
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Foa.  Platinum.  §34,  pl9. 
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of  the  earth.  {37,  pi. 
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French  chalk.  §36.  p67. 
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Frost.  Effect  of.  §37.  p52. 
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Precipitation  of,  §40,  p44. 
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Gem  deix)sits.  §42.  i)37. 
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distribution  of  Kold,  §42,  p9. 
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Glacial  eix.ch.  First.  §39,  p37. 
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subdivisions.  §30,  p37. 
Glaciers,  537,  p65.    . 
Glance.  Cobalt,  §36,  p26. 

Copper,  §36,  p27;  $41.  p30. 

Silver,  §36.  p68;  $42.  p3. 
Glass.  137.  pl8. 

Borax.  {34,  p6. 

Magnifying.  f34.  p22. 

Matrasses,  $34,  p21. 

tubes.  f34.  p20. 
Glasses.  Watch.  §34,  p23. 
Glassy  feldspar.  {36.  p.54. 
Glauconite,  $37,  p46. 
Glen  Rose  beds,  130.  p27. 
Glimmering  luster.  J35,  p4. 
Glistening  luster,  §35,  p4. 
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p41. 
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Determination  of  fine,  §40,  p58. 

Distribution  of.  §42.  p8. 
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Prospecting  for.  §40,  p49;  §42,  p8. 

-vein  deposits,  §40.  p49. 
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Gossan.  §38.  p33:  §41.  p30. 
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Meaning  of.  §38,  p31. 
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Syenite.  §37.  p28. 
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rocks.  §37.  p2.5. 

structure,  §35.  p.5. 
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Gravel.  §37.  p46. 
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River  Ixids.  §39.  i>;«. 


Green — (Continued) 

sand,  §37,  p46. 
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Greiscn.  §42,  p34. 
Grits.  §37.  p45. 
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Hardness  of  minerals,  §35,  p6. 
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Heavy  spar,  §36,  i>8. 
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Origin  of,  §42.  p20. 
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Hints  on  silver  prospecting.  §42,  p6. 
Historical  geology,  §38.  i»39. 
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§35.  pi 5. 
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Hornblcn(ie.  §30.  p58;  §37.  p20. 
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Hornstone,  §39.  pll. 

Horse  in  geology,  Meaning  of.  f38.  p31. 

flonetown  beds.  {39,  p30. 

Hyacinth.  (36.  p61. 

Hyalite.  {36.  p53. 

Hydracids,  §34,  p2. 

Hydration.  {37.  p75;  §40.  p35. 

Importance  of.  {37.  p76. 
Hydraulic  cement.  {37.  p48. 
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angles,  Law  of  constancy  of.  §.35,  pll. 
Interslacial  epoch,  First,  §39.  p38. 
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of  the  earth.  Condition  of  the.  {37.  p81. 

Upper  Cretaceous  system,  §39,  p28. 
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district,  Penokee-Gogebic.  §42,  p22. 

district,  Vermilion,  §42,  p23. 

Dry  tests  of,  §34.  p64. 
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Spathic.  §42.  p25 
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Lahontan  Lake,  §39,  i>39. 
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Suixjrior  magnetites,  §42,  pl9. 
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lamellar  structure,  §3.'>,  i.»5. 
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Lead,  §34  pp29,  31. 

and  zinc  deposits,  §38,  p38. 
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-silver  deposits,  §41,  p40. 

Test,  §34.  p8. 

Wet  test  of,  §34,  p56. 

zinc,  §41,  i>39. 

zinc,  and  iron  deposits.  §40   p44. 
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Scutella.  §38.  p68. 

St.  Louis.  §37.  p49. 

Subcarboniferous.  §39.  pl2. 

Tampa.  §39.  p34. 
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Trenton.  §38.  p60. 

TuUy.  §39.  p5. 

Upper  Archfhiedes,  §39,  pl4. 

Washita.  §39.  p27. 

Waukesha.  §38.  p65. 
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Elements  interfering  with,  §34,  pp56.  67. 
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Loan,  §37.  pp26.  46. 
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notice  and  staking.  §40.  p27.  ^ 
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Lodestone.  §42.  pl3. 
Loess.  §37,  p46. 
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Longitudinal  folds,  §38.  pl6. 
Loose  deposits,  §40,  p8. 
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Lower  belt  of  underground  circulation,  §37, 
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productive  coal  measures,  §39.  pl6. 
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Magnesium.  Dry  tests  of,  {34.  p57. 
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Mispickel.  §36,  p7;  §42.  p30. 
Mississippian  limestone,  §39.  pl2. 
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Pacific  Lower  Cretaceous  system,  §39,  p29. 

Upper  Cretaceous  beds.  §39,  p30. 
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Permian  measures.  §39.  pl6. 
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Phosphate  rock.  §36.  pi 8. 
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practice,  Uniu-d  StaUs.  §40,  p23. 
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rock-forming  minerals,  537,  pl8. 
Principles  of  ore  deposits,  540.  p30. 
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Iron,  §36.  p37. 

Magnetic,  §36,  p38. 

Spear,  §36.  p38. 
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Rock.  §36,  p71. 
Salts,  §34,  p4. 
Saltpeter,  §36.  i>50. 

Chile.  §36,  p72. 
Sand,  §37.  p46. 

Black.  §42,  pl3. 

Green,  §37,  p46. 

pump.  Vacuum.  §40,  p21. 

Volcanic.  §37.  p46. 
Sandstone,  Calcareous,  §38.  p58. 

Logan.  §39.  pl5. 

Medina,  §38.  p62. 

New  red.  §39,  p24. 

of  Vanuxem.  Oneonta,  §39,  p7. 

Old  red,  §39,  p24. 

Pocono,  §39,  pl2. 

series.  Old  red,  §39,  pi. 

St.  Peter's,  §38.  p59. 
Sandstones.  §37,  p44. 

Ithaca  group  of.  §39,  p6. 

Vermicular.  §39,  pl3. 
Sands,  Orange.  §39.  p37. 

Saxicava.  §39.  p39. 

Trinity,  §39.  p27. 
Sanadine,  §36.  p54. 
Sanidin,  §37.  p36. 
Sapphire,  §36.  p2:  §42.  p42. 
Sard,  §36.  p52. 
Sardonyx.  §36.  p52. 
Sassolin.  §36.  plO. 
Sassolite.  §36,  plO. 
Satin  spar.  §36.  ppH.  16. 
Saturated  solutions.  §41.  p9. 
Saxicava  sands,  §39.  p39. 
Scalenohcdnm.  §35.  p21. 
Scale  f)f  fusibility.  §34.  p32. 

of  hardness.  §35,  p6. 
Schcelite.  §36.  p77. 
Schist.  Hornblende.  §37,  p34. 

Mica.  §37.  plO. 


Schists.  Quartz,  §37.  p35. 

Schistose  rocks.  §37,  p25. 

Schoharie  grit,  §39,  p3. 

School  Creek  limestone,  §39,  p27. 

Scoria,  §37.  p38. 

Scutella  limestone,  §38.  p68. 

Sea,  Chemical  deposits  in  the,  §37.  p80. 

Secondary  axes  of  symmetry.  §36.  pl2. 

concentration.  Downward,  §41,  pl2. 

concentration.  Upward,  §41,  pl2. 

planes  of  symmetry,  §35,  pl2. 
Second  concentiation  of  copper  ores,  §40,  p47. 

Glacial  epoch,  §39.  p38. 

Interglacial  epoch,  §39,  p38. 

order  of  prisms  and  pyramids,  §35,  p20. 
Sectile  substances,  §35,  p7. 
Sectional  elevation.  Geological,  §38,  i>43. 
Sediment.  §37.  p44. 
Sedimentary  deposits.  §37,  p61. 

rocks.  §37,  pp27,  44.  . 

rocks,  Aqueo-igneous  fusion  of,  §37,  p29. 
Sedimentation,  Ores  of,  §40.  p32. 
Segregation.  Veins  of,  §38.  p28. 
Selenite,  §36,  pl6. 
Selenium.  §34,  pp27,  28.  30. 

Dry  tests  of.  §34.  p62. 

minerals.  §36.  p81. 

Wet  tests  of.  §34.  p62. 
Selling  claims,  §41.  p22. 
Selvage.  §41.  pl4. 

Meaning  of.  §38.  p31. 
Semianthracite.  §36.  pp20,  23. 
Semibituminous  coal.  §36,  pp20,  23. 
Scmiopal.  §36.  p53. 
Sericite.  §37.  p32. 
Scricitic  rocks.  §37.  p25. 
Serpentine.  §36.  p66;  §37,  p20. 

asbestos.  §36.  p66. 

Fusibility  of.  §34,  p32. 

Precious.  §30.  p66. 
Shaft.  Discovery.  §40.  p61. 
Shale.  §37.  p45. 

Bedford.  §39.  pl5. 

Berca  black.  §39,  pl5. 

Qeveland,  §39.  p9. 

CuyahoRa.  §39,  pl5. 

Erie.  §39.  p9. 

Eureka,  §39.  p9. 

Huron,  §39,  p9. 

Moscow.  §39,  p5. 

Umbral.  or  Mauch  Chunk  red.  §39,  pl2. 
Shales,  Chasaqua.  §39,  p6. 

Eagle  Ford.  §39.  p27. 

Gardcau,  §39.  p6. 

Marcellus.  §39.  p4. 

Olive.  §39.  pl5. 

Vermicular.  §39.  pl3. 
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Shallow  aUuN^  tin  deposits,  H2.  p34. 

Shaly  rocks.  f37,  p25. 

Shape  of  claim.  f40.  p68. 

Shasta  group.  |39.  p30. 

Sheeny  lixstcr.  §36,  p4. 

Shells.  139.  p21. 

Shining  luster.  f35.  p4. 

Shoding,  f42.  p37. 

Side  line.  (40,  p65. 

Siderite.  §36.  p36;  §37.  p32:  f42.  p24. 

Occurrence  of.  §42,  p2S. 
Sigillaria,  (39.  pi 9. 
&1ica.  §36.  p50:  (37.  pl8. 
Sflicates.  (34.  pll,  (37,  pl9. 
Anhydrous.  (36.  pp50.  56. 
Detection  of  iron  in,  (34,  p55. 
Hydious.  (36,  pp50,  64. 
Ifagnesian,  (37.  p20. 
Titano.  (36,  p60. 
Silicious  group  of  the  Subcarboniferous,  (39. 
Pl4. 
rocks.  (37.  p24. 
sinter.  (36.  p53. 
Silicon.  Blowpipe  tests  of.  (34.  p63. 
Occurrence  of.  (37,  pl8. 
Wet  tests  of.  (34.  p63. 
Sflky  luster,  (35.  p4. 
Silt.  §37.  p46. 

Silurian  period.  (38.  pp57,  70. 
Silver.  §34.  p32. 
Black.  (42.  p4. 
Brittle.  (42.  p4. 
chloride,  §42,  p5. 

chloride,  Precipitation  of  silver  as,  §34,  p64. 
coin  test  of  silver.  §34,  p66. 
contact,  §42,  p6. 
deposits.  §40.  p48;  §42,  p2. 
deposits.  Arizona,  §42,  p7. 
deposits,  Colorado.  §42,  p6. 
deposits.  Montana,  §42,  p6. 
deposits,  Nevada,  §42,  p7. 
deposits.  New  Mexico,  §42,  p7 
deposits.  Utah.  §42.  p7. 
Dn-  tests  of,  §34,  p64. 
glance,  §36.  p68:  §42,  p3. 
Horn.  §36.p69;  §42.  p.5. 
mores.  Determination  of,  §34.  p41. 
Light  ruby.  §42.  p5. 
minerals.  §36,  p68. 
Native.  §36.  p68;  §42.  p2. 
ore.  Brittle.  §36.  j)69. 
ore.  Dark  red.  §42,  p3. 
■ore  depctsits.  §42.  pi. 
ores.  Distribution  of,  §42,  pi. 
Output  of.  §42,  p6. 
Predpitation  of,  §34,  p64 
Prospecting  for.  §42,  pi. 


Silver — (Continued) 

prospecting,  Hints  on.  §42,  p6. 

Ruby.  §36.  p68;  (42.  p3. 

Silver-coin  test  of.  (34,  p66. 

sulphide.  §42.  p3. 

Vitreous.  §42,  p3. 

Wet  test  of,  §34.  p66. 

Wet  tests  of,  (34.  p64. 
Simple  mathematical  ratk>.  Law  of,  (35.  pl2. 
Sinter,  Pearl,  (36,  p53. 

Silicious.  (36.  p53. 
Size  of  claim.  (40.  pp60.  68. 

of  claims.  (40.  pp23.  27. 

of  veins,  (38.  p29. 
Slate.  (37,  p34. 

Hanbury.  (42.  p22. 
Slates.  Auriferous,  (41,  pl8. 

Utica.  §38.  p61. 
Slaty  rocks,  §37,  p25. 
Slickensides,  (38,  pl4. 
Slide  rock,  (37.  p53. 
Slope  of  strata.  (38.  p3. 
Smaltite.  (36,  p26. 
Snnthsonite  (36,  p79:  (42.  p27. 
Smoky  quartz.  (36.  p51. 
Soapstone,  (36.  p67. 
Soda.  (34  p7. 

feldspar,  (36.  p54. 

-lime  feldspar.  (36,  p55. 

niter.  §36,  p72. 

Reduction  of  metallic  oxides  with,  §34,  p39 
Sodium.  §37,  p23. 

-aluminum  fluoride,  §37,  p23. 

chloride,  §37,  p23. 

Dry  tests  of,  §34.  p64. 

minerals,  §36,  p71. 

Wet  tests  of,  §34,  p65. 
Soil,  §37,  p46. 
Solfataras,  §37,  p84. 
Solid  deposits,  §40,  p8. 
Solubility  of  rocks.  §37.  pl5. 
Solution,  §40.  p35. 

Cobalt-nitrate,  §34.  p7. 

Ferric  compounds  in.  §34,  p55. 

Ferrous  comixjunds  in.  §34,  p55. 
Solutions  and  heat,  §37,  pl5. 

and  pressures.  Relation  of,  §37.  pl5. 

Aqueo-iifneous,  §37.  pl3. 

Meta phosphate,  §34,  p61. 

of  sulphides.  §40.  p42. 

Orthophosphate   §34.  p61. 

Precipitation  fnjm,  §37.  pl6. 

Precipitation  from  aqueous,  §40,  p34. 

Precipitation  of  galena  fn)m.  §40,  p44. 

Precipitation  of  zinc   minerals  from.  §40, 
p45. 

Pyrophosphate,  §34.  p61. 
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Saturated.  J41.  p9. 

Stannic,  J34,  p68. 

SUnnous,  J34.  p68. 

Underground  aqueous,  §40,  p33. 
Sorting  power  of  water,  J37,  p61. 
Soudan  formation,  §42,  p21. 
Source  of  carbon  dioxide,  §40,  p42. 

of  metals,  J40,  p41. 

of  sulphur,  §40,  p41. 
Sources  of  magnetite,  §42,  pl3. 
Southern   United  States.  LQcating  niinerab 

in.  {40.  p68. 
Spar.  Brown.  §36,  pl5. 

Calc,  §36,  pl3. 

Dog-tooth,  §36,  pl4. 

Fluor,  §36.  pl7. 

Heavy,  §36,  p8. 

Iceland.  §36.  pl4. 

Manganese,  §36,  p58. 

Pearl.  §36,  pl5. 

Rhomb.  §36,  pl5. 

Satin.  §36,  ppl4.  16. 

Tabular.  §36,  p57. 
Spathic  iron,  §42,  p25. 

ore.  §36.  p36. 
Spear  pyrites,  §36.  p38. 
Specific  gravity.  §35.  p8. 
Specimens.  Examination  of  mineral,  §35.  pO. 
Specular  iron.  §36.  pp33.  34;  §42.  pl9 
Spcrrylite.  §42.  p36. 
Spessartitc.  §36.  p61. 
Sphalerite,  §36.  p78;  §42.  p27. 
Sphereoptcris,  §39,  p20. 
Spinel,  §36.  p3. 

ruby.  §36.  p4. 
Spirifera  camerata.  §39.  p22. 
Spiiit  lamps,  §34.  pl5. 
Spirophyton  cauda  galli.  §39,  p3. 
Splendent  luster.  §35.  p4. 
Spodumcne.  §36.  p57. 
Springs,  Deposits  from  mineral,  §37,  p79. 

Sulphur,  §37,  p80. 
Steking,  §40.  p27. 

claims.  §40.  pp25.  69. 

lode  claim.  §40.  p63. 
Stalactites,  §36.  pl4;  §37,  pp48.  77. 
Stalactitic  minerals.  §35,  p5. 
Stalagmites.  §36.  pl4;  §37,  pp48.  77. 
Stalagmitic  minerals,  §35.  p5. 
Stannic  solutions.  §34.  p68. 
Stannitc.  §36   p74. 
Stannous  solutions.  §34.  p68. 
Stassfurtite,  §36.  pU 
Staurolite.  §36.  p63;  §37.  p42. 
Steatite.  §36.  p67. 
Stellated  columnar  structure,  §35.  p5. 


Stephanitc,  §36,  p69:  §42.  p4. 
Stibnite.  §36.  p5. 

Fusibility  of.  §34,  p32. 
Stigmaria.  §39,  pl9. 
St.  Louis  group.  §39,  pl3. 

limestone,  §37.  p49. 
St.  Peter's  sandstone.  §38.  p59. 
Stockwurk.  §42.  p2. 
Stolzite.  §41.  p36. 
Stone  age,  §39.  p41. 
Strain.  Meaning  of.  §37.  p43. 
Strato.  Conformable.  §38,  p7. 

Meaning  of,  §38.  p2. 

Unconformable.  §38.  p7. 
Stratigraphy,  §38.  pi. 
Stratum,  Meaning  of.  §38.  p3. 
Streak  of  minerals.  §35.  p3;  §37,  pl8. 

plate.  §34.  p23:§35,  p3. 
Stream  tin.  §36,  p75. 

Strength  of  rock-cementing  materials,  §37 
p33. 

Ultimate,  §37,  p7. 
Stress,  Deformation  by,  §37,  p6. 

difference,  §37,  plO. 
Strike  joints,  §38,  p21. 

of  a  deposit,  §38.  p4. 
Stringers.  §38.  p30. 
Strontianite.  §36.  p72. 
Strontium.  Dry  tests  of.  §34,  p66. 

minerals.  §36.  p72. 

Wet  tests  of.  §34.  p65. 
Structural  geology.  §38.  pi. 
Structure.  Colunmar.  §35,  p4. 

common  to  all  rocks,  §38,  pl8. 

Crystal.  §35.  p9. 

Drusy.  §35.  p5. 

Fibrous  columnar.  §35,  p4. 

Granular.  §35.  p5. 

Impalpable.  §35,  p5. 

Lamellar,  §35.  p5. 

Micaceous,  §35,  p5. 

of  eruptive  rocks,  §38,  pll. 

of  metasomatic  rocks,  §37,  p41. 

of  minerals,  §35,  p4. 

of  the  earth.  §37,  pi. 

Radiated  columnar,  §35.  p5. 

Reticulated  columna) .  §35.  p5. 

Stellated  columnar.  §35.  p5. 
Study  of  ore  deposits,  §40.  p3. 
Subcarboniferous  coal  beds,  §39.  pl5. 

limestone.  §30.  pl2. 

system.  §39.  pi 2. 

Thickness  of  the.  §39,  pl4. 
Sublimates  on  charcoal,  §34,  p78. 

produced  in  the  closed  tube,  §34.  p76. 

produced  in  the  open  tube,  §34,  p77. 
Submctallic  luster.  §35,  p3. 
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«  before  the  blowpipe.  Examination 

34.  p24. 

«s.  Tenacity  of,  JSS.  p7. 

te  certificate,  §40,  p26. 

ducent  minerals.  §35,  p3. 

{parent  minerals.  {35,  p3. 

ous  luster,  $35.  p3. 

)n     in     Al^onkian-rock    series,   |38, 

i,  S36.  p24. 

deposits.  Origin  of,  §42,  p31. 
'■  of  iron.  §42,  p24. 
?s.  §34,  pll. 
ons  of,  §40.  p42. 
,  §34.  pp36.  28:  §37.  p22. 
npe  tests  of.  §34.  p65. 
le.  Test  for,  §34,  p73. 
als.  §36.  p73;  §37.  p22. 
e.  §36,  p73. 
5  of.  §40.  p41. 
s.  §37.  p80. 
:ts.  §42.  p25. 
ic  acid.  §34.  p40. 
:uration,  §41,  p9. 
5.  Blowpiping,  §34,  pl9. 
alluvial  tin  deposits.  §42.  p34. 

earth.  §37.  p2. 
Location.  §40.  p67. 
jc.  §41.  p36. 
.  River.  §37,  p62. 

§37.  p28. 
e.  §37.  p28. 
E,  §37.  p28. 
e.  §36,  p33:  §40.  p40. 
§36.  p49. 

of  elements.  §34,  p3. 
n  btowpiping.  §34.  pi. 
ry  axis.  §35.  pl2. 
i.  §35,  pll. 

§35.  pll. 

pal  axes  of.  §35.  pl2. 
pal  planes  of.  §35,  pll. 
dary  axes  of.  §35.  pl2. 
dary  planes  of.  §35.  pl2. 
I  axis.  §38.  p6. 
5.  §38.  p5. 

of  crystallization.  §35.  pl3. 


«olofncal  chart.  §38.  p46. 

K-  change,  heated  m  cloved  tube.  |34. 

ne  cotofations.  §34.  p74. 

ioincal  dfstributkin  of  tgr^d,  §42.  pO, 

Ks   symbols,  and  combismi^  veigbti 

lemeots.  §34.  p3. 

.-tion^  obuiiicd  with  bceaz.  |M,  p€0. 
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of  reactions  obtained  with  phosphorus  salt, 
§34.  p81. 

of  reactions  with  cobalt  nitrate,  §34,  p79. 

of  sublimates  on  charcoal,  §34,  p78. 

of  sublimates  produced  in  open  tube,  §34, 
p77. 

of  sublimates  produced  in  the  duiiod  tube, 
§34,  p76. 
Tabular  spar,  §36,  p57. 
Taconican  rocks,  §38,  p56. 
Taconic  marbles,  §38,  p55. 
Talc,  §36.  p67;  §37,  p20. 

Foliated.  §36,  p67. 
Talus,  §37,  p53. 
Tampa  limestone.  §30,  p34. 
Tantalite.  §36,  p82. 
Tantalum  minerals.  §36,  p82. 
Tapir  beds,  §39,  p33. 
Tejon  beds.  §39,  p30. 
Tellurium,  §34.  pp27,  29.  30. 

Dry  tests  of.  §34,  p66. 

Graphic,  §36,  p33. 

minerals,  §36,  p74. 

Wet  tests  of.  §34,  p67. 
Temperature  of  lithohphere,  §37,  p2. 
Tenacity  of  substances,  §36,  p7. 
Tenorite,  §36,  p29;  §41.  p28. 
Tension  faults.  §38,  p24. 
Tentaculitc  limest^ine,  §38.  p67. 
Terminal  moraines,  §37,  p68. 
Terrace  epoch,  §39,  p39. 
Tertiary  period.  §39,  i>31. 
Testing  bog  or  lake  br/ttrmis.  §42,  p44. 

placer  deposits.  §40.  pl8. 
Test.  Amalgamatir>n,  §34,  p41. 

Cobalt.  §34.  p34. 

Concentration.  §34,  p41. 

for  amnvjnia.  §34,  p73. 

for  carbon  dvixidt,  §34,  p72, 

for  bromine.  §34,  p73. 

{</T  hydroflur/ric  acid,  §34,  p73. 

(i/r  ir^ine.  §."54.  p73. 

foi  nttrr^en  dViXide,  §34.  p73, 

for  od^^rtTi,  §34.  p73. 

for  oxygen,  §.'*4.  p73. 

for  sulphur  di^^xide,  §34,  p73. 

lead.  §34.  uH. 

rA  carVyn  dioxide,  §34.  p^h 

of  i'svlAhty.  %M.  p32. 

-pft  m^h/yj  I A  prrxpecting.  §40.  pi  7. 

Vi\j^.  §34.  p2I. 

f^,r  ifa%«.  154   p72. 
Irr.i^yrtuujn  'A  *>rad.  §34.  pW, 
of  aiunrjc -.-r.    ^A.yVi. 
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of  antimony,  §34,  p44. 

of  arsenic,  (34,  p45. 

of  barium,  §34,  p46. 

of  bismuth,  §34,  p47. 

of  burun,  §34,  p48. 

of  bromine,  §34,  p48. 

of  cadmium,  §34,  p49. 

of  calcium,  §34,  p50. 

of  chlorine,  §34.  p50. 

of  chromium,  §34.  p51. 

of  cobalt,  §34,  p52. 

of  copper.  §34,  p53. 

of  iron,  §34,  p54. 

of  lead,  §34.  p55. 

of  lithium,  §34,  p57. 

of  magnesium,  §34,  p67. 

of  mercury.  §34.  p58. 

of  molybdenum,  §34.  pflO. 

of  phosphorus,  §34,  p60. 

of  potassium,  §34,  p61. 

of  selenium.  §34,  p62. 

of  silicon,  §34,  p63. 

of  silver,  §34,  p64. 

of  sodium,  §34,  t>64. 

of  strontium.  §34,  p65. 

of  sulphur,  §34,  p65. 

of  tellurium,  §34,  p66. 

of  tin.  §34,  p67. 

of  titanium,  §34,  p68. 

of  tunifsten.  §34,  p69. 

of  uranium,  §34,  p70. 

of  vanadium,  §34,  p71. 

of  zinc.  §34.  p71. 

Reaj^ents  sometimes  used  for  wet,  §34.  pl2. 

Wet.  §34,  plO. 
Tetrahedral  forms,  §35,  p22. 
Tetradymite,  §36,  plO. 

Tetragonal    system,    Hemihedral    forms    of, 
§35.  pl8. 

system  of  crystallization,  §35.  ppl3,  17. 

trisoctahedron.  §35.  pl5. 

tnstctrahedron.  §35.  pl7. 
Tetrahcdrite.  §36.  p28. 
Tetrahedron.  §35,  pl6. 
Tetrahexahedron,  §35,  pl5. 
Texture  of  volcanic  rocks,  §37,  p36. 
Theory  of  cleavage,  §37.  p28. 

of  magmas,  Plutonic,  §37,  pl2. 

of  mineral  deposits.  §38,  p25. 

of  ore  deposits,  Hydnius-rf)ck.  §41.  pp7,  8. 
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INTRODUCTION 

!•     Object  of  Blowplpin^. — The  purpose  of  blowplplnfir 

is  to  furnish  a  rapid  method  for  the  determination  of  the 
approximate  composition  of  minerals  and  ores.  In  general, 
blowpipe  determinations  are  merely  qualitative — that  is, 
they  indicate  the  presence  of  the  different  constituents,  but 
not  the  proportions.  In  the  cases  of  a  few  of  the  metallic 
elements  that  can  be  completely  reduced  from  their  minerals 
before  the  blowpipe,  by  methods  to  be  described  later,  a 
rough  idea  of  the  proportions  may  be  gained;  but  these 
results  are  not  at  all  accurate,  on  account  of  the  roughness 
of  the  method  and  the  losses  through  volatilization.  To 
determine  with  any  accuracy  the  percentage  composition  of 
a  chemical  compound,  the  more  elaborate  methods  of  quan- 
titative analysis  must  be  followed. 

It  is  not  sufficient  that  a  student  has  such  a  knowledge  of 
the  subject  as  will  enable  him  to  give  all  the  tests  for  the 
different  metals  or  minerals  as  they  are  printed,  but  he 
should  obtain  a  practical  knowledge  by  actual  experiments 
that  will  enable  him  to  recognize  minerals,  either  by  their 
physical  characteristics  or  by  their  blowpipe  reactions. 
This  knowledge  can  be  obtained  only  by  practical  work. 
When  taking  up  the  subject,  the  student  should  first  care- 
fully read  the  instructions  and  then,  and  not  until  then, 
begin  work  with  the  blowpipe  outfit. 

8.  Symbols  and  Abbreviations. — In  blowpiping  and 
mineralogy,  to  avoid  tedious  repetition,  the  following  symbols 

For  notice  of  copyright,  see  page  immediately  following  the  title  page. 
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2  BLOWPIPING  §34 

and  abbreviations  are  used.  The  symbols  give  the  chemical 
composition  of  the  minerals  and  reagents,  while  the  abbre- 
viations stand  for  blowpipe  manipulations  and  physical 
characteristics. 

B.  /)?.,  before  the  blowpipe.  Infus,^  infusible.  F,  or 
Fiis.,  fusible.  R,  /^,  reducing  flame.  O,  /^,  oxidizing 
flame.  Fib.,  fibrous.  Sp.  Gr.  or  6*.,  specific  gravity. 
Amorph,y  amorphous.  Gran.,  granular.  H,,  hardness, 
Afass.y  massive. 
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INTRODUCTION 

3.  Adds. — An  acid  is  a  compound  of  hydrogen  with  one 
or  more  other  elements,  in  which  the  hydrogen  is  replaceable, 
wholly  or  in  part,  by  a  metallic  element  or  a  group  of  ele- 
ments equivalent  to  a  metal.  As  a  class,  acids  have  a  sour 
(acid)  taste,  and  most  of  them  turn  blue  litmus  red — thus 
giving  a  very  delicate  test  for  the  presence  of  an  excess  of 
acid. 

Certain  oxides,  when  dissolved  in  water,  combine  with  it 
chemically  and  form  acids;  these  are  called  auhydrides, 
which  means  containing  no  water.  The  following  equation 
illustrates  the  reaction  between  sulphuric  anhydride  and 
water: 

SO^  +  H^O  =  H^SO^  (sulphuric  acid) 

In  this  equation  sulphur  trioxide  containing  no  hydrogen  is 
added  to  water  to  make  sulphuric  acid. 

The  term  acid  is  sometimes  used  in  reference  to  anhy- 
drides, as  carbon  dioxide  CO^,  but  this  usage  is  being  aban- 
doned. 

Acids  containing  oxygen  are  called  oxy-acids,  or  oxacids^ 
to  distinguish  them  from  a  group  of  acids  containing  no 
oxyj^rn,  which  are  known  as  hydracids — such  as  hydrochloric 
acid,  nCl,  hydriodic   acid,  ///,  hydrofluoric   acid,  ///%  etc. 

When  an  element  forms  more  than  one  oxacid,  the  termi- 
nation -ous  is  applied  to  the  name  of  the  acid  in  which  the 
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TABLE   I 
NAMSS,  SYMBOLS,  AND  ATOMIC  WEIGHTS  OF  ELEMENTS 


Elements 


Aluminum 

Antimony  (stibium) 

Argon 

Arsenic 

Barium 

Bismuth 

Boron 

Bromine 

Cadmium 

Csesium 

Calcium 

Carbon 

Cerium 

Chlorine 

Chromium 

Cobalt 

Columbium 

Copper  (cuprum). 

Erbium 


Fluorine \ 

Gadolinium 

Gallium 

Germanium 

Glucinum  \ 

(beryllium)  \ 

Gold  (aurum) 

Helium 

Hydrogen 

Indium 

Iodine . .  ^ 

Iridium 

Iron  (ferrum) 

Krypton 

Lanthanum 

Lead  (plumbum). . . 

Lithium 

Magnesium 

Manganese 

Mercurv  ( 

(hydrargyrum) ) 


Sym- 

Atomic 

bol 

Weight 

Al 

26.9 

Sb 

1 19. 3 

A 

39.6 

As 

74-4 

Ba 

136.4 

Bi 

206.9 

B 

10.9 

Br 

79.36 

Cd 

III. 6 

Cs 

131.9 

Ca 

39-7 

C 

IT.91 

Ce 

139.2 

CI 

35.18 

Cr 

51.7 

Co 

58.55 

Cb 

93.3 

Cu 

63.1 

Er  ox 
E 

[164.8 

Fox 

) 

Fl 

^18.9 

Gd 

154-8 

Ga 

69.5 

Ge 

72. 

Gl 

9.03 

Au 

195.7 

He 

4. 

H 

I. 

In 

1 14. 1 

I 

126.01 

Ir 

191-5 

Fe 

55.5 

Kr 

81.2 

La 

137.9     ' 

Pb 

205.35 

Li 

6.98 

Mg 
Afn 

24.18  1 
54-6 

^g 

198.5 

Elements 


Molybdenum 

Neodymium 

Neon 

Nickel 

Nitrogen 

Osmium 

Oxygen 

Palladium 

Phosphorus 

Platinum 

Potassium  (kalium) 

Praseodymium 

Radium 

Rhodium 

Rubidium 

Ruthenium 

Samarium 

Scandium 

Selenium 

Silicon 

Silver  (argentum). 
Sodium  (natrium). 

Strontium 

Sulphur 

Tantalum 

Tellurium 

Terbium 

Thallium 

Thorium 

Thulium 

Tin   (stannum) 

Titanium 

Tungsten(w<)lfnim) 

Uranium 

Vanadium 

Xenon 

Ytterbium 

Yttrium 

Zinc 

Zirconium 


Sym- 
bol 


Mo 
Nd 
Ne 
Ni 
N 
Os 
O 

Pd 
P 
Pt 
K 
Pr 
Ra 
Rh 
Rb 
Ru 
Sm 
Sc 
Se 
Si 

rfa 

Sr 

S 

Ta 

Te 

Tb 

Tl 

Th 

Tm 

Sn 

Ti 

W 

U 

V 

Xe 

Yb 

Yi 

Zn 

Zr 


Atomic 
Weight 


95.3 
142.5 
19.9 
58.3 
13.93 
189.6 

15.88 
105.7 

30.77 
193.3 

38.85 

1394 

223.3 

102.2 

84.9 

100.9 

149.2 

43.8 

78.6 

28.2 

107. 1 1 

22.88 

86.94 
31.82 
I8I.6 

126.6 

158.8 

202.6 
230.8 

169.7 
1 18. 1 

47.7 
182.6 

236.7 
50.8 
127. 

171. 7 

88.3 
64.9 
89,9 


Note. — The  elements  neodymium  and  praseodymium  always  occur 
together,  and  so  they  are  called  didymium  in  the  tables  on  blowpipe 
reactions.  The  italic  type  in  the  table  represents  non-metallic  ele- 
ments, the  metallic  elements  b(ring  printed  in  roman  type. 
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proportion  of  the  oxygen  to  the  characteristic  element  is 
smaller  and  -ic  to  the  more  highly  oxidized  acid. 

4.  Bases. — A  base  is  a  compound — usually  an  oxide  or 
a  hydrate  of  a  metallic  element,  or  of  a  radical  equivalent 
to  a  metal — which  is  chemically  opposed  to  acids  in  all  its 
reactions  and  characteristics.  Certain  bases  in  which  the 
distinctive  chemical  characteristics  are  very  marked  are 
called  alkalies.  They  neutralize  acids,  restore  the  blue 
color  to  litmus  reddened  by  acids,  and  turn  yellow  turmeric 
paper  to  a  reddish-brown  color.  The  most  familiar  alkalies 
are  caustic  soda  and  caustic  potash  (sodium  and  potassium 
hydroxides  or  hydrates — NaOH  and  KOH)  and  ammonia 
(ammonium  hydroxide  or  hydrate — NH^OH),  The  metal- 
lic constituents  of  these  compounds  belong  to  a  group  known 
SisX\\Q  alkali  7netals,  consisting  of  lithium,  sodium,  potassium, 
rubidium,  caesium,  and  the  metallic  radical  ammonium,  NH^. 
The  metals  of  this  group  and  their  oxides  combine  with 
great  readiness  with  water,  forming  strongly  alkaline 
hydroxides — all  except  lithium  bursting  into  flame  on  being 
wet  or  thrown  into  water — and  ammonia  gas,  NH^,  dissolves 
with  remarkable  rapidity  in  twice  its  weight  of  water,  form- 
ing a  hydroxide.  The  gas  may  be  completely  expelled  from 
the  water  by  heating,  and  is  liberated  to  a  considerable 
degree  at  ordinary  temperatures.  The  alkalies  impart  a 
peculiar  soapy  taste  and  feel  to  water. 

The  alkaline  earth  metals^  barium,  strontium,  calcium, 
and  magnesium,  have  many  characteristics  in  common  with 
the  alkali  metals.  The  basic  compounds  of  this  group  are 
less  soluble,  however,  and  their  alkaline  reactions  are  less 
pronounced. 

5.  Salts  are  compounds  produced  by  the  replacement  of 
part  or  all  of  the  hydrogen  of  an  acid  by  a  metallic  element 
or  an  equivalent  group  of  elements.  Many  metals  are 
directly  soluble  in  acid,  the  reaction  giving  a  salt  of  the 
metal  and  liberating  hydrogen  gas,  thus: 

Fe  +  H^SO,  =  FeSO,  +  2// 
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Bases  (metallic  oxides  and  hydroxides)  react  with  acids, 
the  metal  of  the  base  interchanging  with  the  hydrogen  of 
the  acid,  forming  a  metallic  salt  and  water,  thus: 

FcO  +  2//C/  =  FcCl,  +  Hfi 
or  ^NHfiH  +  H,SO,  =  {NH^  SO,  +  2//.  (9 

The  salts  of  the  alkali  metals  are  all  soluble,  hence  they 
do  not  form  precipitates,  except  in  very  highly  saturated 
solutions. 

The  salts  of  the  hydracids  take  the  termination  -idc — chlo- 
ride, fluoride,  sulphide,  etc.  The  saUs  of  the  lower  or  -ous 
oxacids  take  the  termination  -iti\  thus: 

H,SO,  +  'iNaOH  =  Na^SO,  +  'ZH,0 

(sulphurous  (sodium 

acid)  sulph//^) 

The  salts  of  the  higher,  or  -ic,  oxacids  take  the  termina- 
tion -atey  thus: 

^HNO,  +  PbO  =  Pb{NO,),  +  H,0 
(nitric  acid)  (lead  niivate) 


OXIDATION  AN1>  KKDUCTION 

6.  .  Oxidation  is  a  reaction  by  which  a  substance  takes 
up  oxygen,  or  isoxic/isiu/y  by  the  proportion  of  oxygen  to  the 
metallic  constituent  being  increased.  In  the  chemical  sense, 
oxidation  applies  to  reactions  in  which  there  is  an  actual 
increase  in  the  proportion  of  oxygen,  and  also  to  analogous 
reactions  in  which  there  is  an  increase  in  the  proportion  of 
the  non-metallic  constituent.  Thus,  any  reaction  by  which 
ferrous  chloride, /^f'C/,, is  converted  into  ferric  chloride, /v^C/,, 
or  ferrous  sulphate,  FfSC\,  is  converted  into  ferric  sul- 
phate, Fe^{SO^)^,  is  just  as  truly  oxidation  as  the  reaction  by 
which  ferrous  oxide,  FeO,  is  converted  into  ferric  oxide,  Fefi^, 
In  blowpiping,  however,  oxidizing  reactions  are  usually 
attended  by  actual  oxidation,  or  an  increase  in  the  propor- 
tion of  oxygen. 
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7.  Reduction  is  the  inverse  of  oxidation;  that  is,  a 
reducing  reaction  is  one  by  which  the  proportion  of  the  non- 
metallic  constituent  to  the  metallic  constituent  is  decreased. 

Oxidation  and  reduction  always  occur  simultaneously; 
that  is,  an  oxidizing  reaction  is  at  the  same  time  reducing, 
for  what  one  reagent  gains  it  must  take  from  another,  either 
directly  or  indirectly,  and  the  second  reagent  is  therefore 
reduced.  The  reaction  is  termed  oxidizing  or  reducing, 
according  as  the  principal  product  is  the  result  of  oxidation 
or  reduction. 

DRY-TEST  REAGENTS 

8.  Reagents. — In  order  to  produce  changes  in  minerals, 
so  as  to  test  their  composition,  reagrents  are  used.  They 
are  known  as  dry^  ivct^  and  gaseous^  according  as  they  are 
used  in  the  solid,  liquid,  or  gaseous  form.  Most  of  the 
reagents  can  be  obtained  sufficiently  pure  at  drug  stores  or 
from  dealers  in  chemicals. 

9.  Borax,  NaJ^fi^  + 10/^,(7.— The  most  important  blow- 
pipe  flux  is  borax,  which  makes  fusible  double  borates  of 
soda  and  most  of  the  metals.  As  most  metals  give  different- 
colored  borax  beads,  this  sometimes  serves  to  distinguish 
them,  though  other  tests  should  be  made  to  confirm  the 
metal  that  the  color  of  the  borax  bead  indicates.  The  colors 
from  the  same  metal  are  usually  different  in  the  outer  and 
inner  lamp  flame,  and  should  therefore  be  tried  in  both,  and 
the  colors  noted  while  hot,  while  cooling,  and  when  cold. 

Ordinary  borax,  on  heating,  at  first  puffs  up  and  swells 
greatly  from  the  slow  expulsion  of  the  water  of  crystalliza- 
tion that  it  contains;  this  should  be  driven  off,  and  the 
borax  heated  until  perfectly  quiet,  clear,  and  colorless 
before  adding  the  substance  to  be  tested.  Borax  glass 
(borax  that  has  been  fused  and  then  ground  up)  or  calcined 
borax  (borax  from  which  the  water  has  been  driven  off  by 
slowly  heating  to  a  temperature  slightly  ai)()ve  the  boiling 
point  of  water)  may  be  used.  Care  should  be  taken  that 
the  borax  bead  on  the  platinum  wire  is  perfectly  colorless, 
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as  dirt  left  upon  the  wire  from  a  previous  assay  may  discolor 
it  and  so  indicate  the  presence  of  metals  not  contained  in 
the  substance  to  be  tested.  In  case  the  wire  is  dirty,  boiling 
in  acid  will  clean  it;  or,  if  that  is  not  convenient,  making 
several  beads,  heating  highly,  and  throwing  off  the  dirty 
beads,  will  wash,  or  rather  flux,  the  wire  clean. 

10.  Salt  of  Phosphorus,  Mlcrocosmlc  Salt. — Salt  of 
phosphorus,  S.P/i.,  makes  easily  fusible  double  phosphates 
of  soda  that  usually  give  different-colored  beads  with  the 
various  metals.  In  most  cases  the  bead  colors  are  the  same 
as  with  borax,  but  in  some  cases  they  are  not.  Salt  of 
phosphorus  boils  up  and  is  apt  to  drop  off  the  wire  loop  on 
first  heating,  from  the  expulsion  of  a  large  amount  of  water 
of  crystallization,  but  it  soon  quiets  down  to  a  perfectly 
clear,  colorless  bead.  As  with  borax,  the  substance  to  be 
tested  should  be  added  only  after  the  salt  has  fused  down  to 
a  clear,  colorless  bead,  carefully  observing  that  it  shows  no 
color  from  a  dirty  wire  or-other  impurities. 

11.  8oda.-^In  testing  for  sulphur,  reducing  metals,  etc. 
the  bicarbonate  of  soda,  NaHCO^^  or  the  carbonate  of 
soda,  Na^CO^^  may  be  used,  the. former  being  preferable  on 
account  of  its  containing  less  water.  The  name  in  either 
case  is  usually  shortened  to  soda.  The  pure  soda  must  be 
used,  otherwise  it  will  be  apt  to  give  a  sulphur  reaction; 
and  every  new  lot  should  be  tested  to  insure  its  freedom 
from  sulphur  (in  the  form  of  sulphate  of  soda).  On  account 
of  the  lightness  of  sodium  bicarbonate,  it  is  apt  to  trouble 
the  beginner  by  blowing  off  of  the  charcoal;  but  if  a  gentle 
flame  is  blown  until  it  is  fused,  the  strong  blast  can  then  be 
used  without  any  trouble.  A  gas  flame  should  not  be  used 
in  testing  for  sulphur,  as  it  always  contains  enough  sulphur 
to  give  a  reaction. 

12.  Cobalt-Nitrate  Solution. —  For  certain  tests,  a 
dilute  solution  of  nitrate  of  cobalt,  Co{NO^^,  is  employed. 
The  substance  is  moistened  with  the  solution  (preferably 
with  a  dropping  tube),  strongly  heated  on  charcoal  in  O.  F. 
for  about  6  minutes,  and  then  allowed  to  cool,  when  different 
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colors  result.     The  colors  of  certain  minerals  under  this  test 
are  very  characteristic. 

13.  Niter.  —  For  a  few  special  tests,  niter  (sodium 
nitrate,  NaNO^^  or  potassium  nitrate,  KNO^  is  employed  on 
account  of  its  powerful  oxidizing  effect.  While  either  potash 
or  soda  niter  can  be  employed,  the  former  is  better. 

14.  Cupric  oxide,  CuOy  in  the  form  of  a  powder,  is  used 
in  testing  for  the  haloids  (chlorine,  bromine,  and  iodine). 

16.  Blsmiitli  Flux. — To  test  for  lead  and  bismuth,  a 
special  flux  is  made  of  1  part  each  of  iodide  of  potassium,  AT/, 
and  potassium  acid  sulphate,  KHSO^,  and  2  parts  of  sulphur, 
which  are  ground  together.  Two  to  four  parts  (by  volume) 
of  this  flux  are  mixed  with  one  of  the  substance,  and  heated 
on  charcoal,  when  bismuth  gives  a  brick-red  coat,  and  lead  a 
coat  yellow  close  to  the  assay,  and  greenish  beyond.  The  flux 
itself  gives  a  white  coat,  but  does  not  interfere  with  the  above. 

16.  Test  liead. — For  the  silver-cupellation  assay,  finely 
granulated  lead,  known  as  test  lead,  is  employed  to  collect 
the  silver  into  a  button  preparatory  to  cupelling.  It  usually 
contains  more  or  less  silver,  and  should  be  tested  by  cupella- 
tion  for  this  metal  before  using. 

17.  Bone  ash  is  employed  for  making  the  cupels;  it  is 
made  of  calcined  bones,  hoofs,  and  horns,  ground  to  a  fine 
powder. 

18.  Tin. — For  obtaining  a  strong  reducing  action,  finely 
ground  pure  metallic  tin  or  tin  shavings  are  sometimes  used. 

19.  Potassluni-acld  sulphate,  KHSO^,  in  the  form  of 
crystals,  is  used  in  testing  for  certain  acids  and  as  an 
acid  flux. 

20.  Acids.  —  Hydrochloric  acid,  HCl,  sulphuric  acid, 
N^SO^,  and  nitric  acid,  HNO^,  are  necessary  in  blowpiping. 
As  a  rule,  the  strongest  sulphuric  acid  should  be  used,  while 
the  hydrochloric  and  nitric  acids  should  be  of  only  medium 
strength.  All  these  acids  should  be  kept  in  glass-stoppered 
bottles,  as  they  corrode  and  destroy  corks. 
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21.  Hydriodic  Acid. — For  obtaining  a  very  charac- 
teristic series  of  bright-colored  coats  with  the  volatile  metals, 
hydriodic  acid,  HI^  is  employed  on  white  tablets  of  plaster 
of  Paris.  The  substance  to  be  assayed  is  placed  on  the  end 
of  a  tablet,  moistened  well  with  hydriodic  acid  (preferably 
with  a  dropping  tube),  and  then  heated  with  a  pure  blue 
flame,  as  a  yellowish  flame  would  smoke  the  white  tablet. 
The  acid  itself  gives  a  brownish  coat  of  iodine,  but  this 
quickly  evaporates  and  leaves  the  bright  iodide  coats.  If 
the  acid  cannot  be  made  (by  passing  sulphureted  hydrogen 
through  water  containing  iodine  crystals  until  a  clear  solu- 
tion is  obtained)  or  purchased,  a  substitute  that  will  answer, 
though  not  so  well,  is  to  dissolve  iodine  in  alcohol,  or  else 
fuse  equal  parts  of  iodine  and  sulphur  together  and  grind 
to  a  powder;  the  latter  is  a  solid,  and  much  more  convenient 
in  traveling  than  the  liquid  acid  or  spirits  of  iodine. 

22.  liltinus  paper  is  necessary  to  test  for  alkalies  and 
acids,  the  blue  turning  red  for  acids,  and  the  red  turning 
blue  for  alkalies.  It  will  be  found  convenient  to  use  it  cut 
up  in  the  form  of  strips. 

23.  Turmeric  jmper  has  a  fine  yellow  tint,  and  is 
used  to  detect  boron  and  zirconium,  and  the  alkalies.  The 
test  for  boron  is  very  delicate.  If  a  piece  of  the  paper  be 
moistened  with  a  dilute  solution  of  a  boron  mineral  in 
hydrochloric  acid  and  then  dried  at  boiling  temperature  by 
wrapping  around  a  test  tube  of  boiling  water,  it  assumes  a 
reddish-brown  color,  becoming  inky-black  if  moistened  with 
ammonia.  Moistened  with  a  solution  of  any  zirconium 
mineral  in  hydrochloric  acid  it  turns  orange-red.  Alkalies 
turn  it  brownish-red. 

24.  Brazil-wood  paper  is  used  to  detect  fluorine, 
which  gives  it  a  straw-yellow  color ;  also  to  detect  the  alka- 
lies, which  color  it  violet. 

.  26.  Reagent  Box. — The  dry  or  solid  reagents  can  be 
conveniently  kept  in  a  block  of  wood,  say  2"  x  2"  X  8"  in 
size,  in  which  J-inch  holes  have  been  bored.  Common 
corks  can  be  used  for  stoppers,  and  the  name  of  the  flux 
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written  on  top  of  them  or  on  the  box.  Such  a  reagent  box 
can  be  purchased  for  about  one  dollar,  but  it  is  easily  made. 
Small  pill  boxes  or  vials  may  be  used  instead  of  the  block  of 
wood. 

WET  TESTS 

26.  Introduction. — In  ordinary  chemical  analysis  the 
substance  to  be  tested  must  first  be  brought  into  a  liquid 
form  by  dissolving  in  acids,  and  the  different  constituents 
then  precipitated  by  means  of  proper  reagents;  but  by  the 
use  of  the  blowpipe  for  qualitative  analysis,  the  reactions  by 
which  the  different  constituents  are  recognized  are  gotten 
directly  from  the  substance  tested,  without  previous  solu- 
tion. There  are  certain  simple  wet  tests,  however,  which 
are  universally  used  in  conjunction  with  the  blowpipe  tests, 
and  have  come  to  be  considered  a  part  of  blowpipe  prac- 
tice. These  tests  are  mainly  of  the  solubility  of  the  sub- 
stances in  the  common  mineral  acids — hydrochloric,  HCl^ 
nitric,  HNO^,  and  sulphuric,  H^SO^ — and  the  phenomena 
attending  the  complete  or  partial  solution,  and  precipitation. 

For  testing  with  acids,  a  mineral  should  first  be  powdered; 
a  little  of  it  is  then  placed  in  the  bottom  of  a  test  tube,  and 
well  covered  with  the  acid.  The  most  important  points  to 
be  observed  are,  first,  whether  the  substance  dissolves  slowly 
or  rapidly,  completely  or  incompletely,  or  is  insoluble  either 
wheH  the  solution  is  cold,  or  when  heat  is  applied ;  and  second, 
whether  a  gas  is  evolved,  producing  bubbling  or  efferves- 
cence, or  a  solution  is  formed  without  effervescence,  or 
whether  a  precipitate  is  formed  or  an  insoluble  constituent 
separated. 

Hydrochloric  acid  is  most  frequently  used  in  testing  the  sol- 
ubility of  a  mineral,  thougli  in  the  case  of  lead,  silver,  and  mer- 
cury compounds,  nitric  acid  is  required,  as  these  metals  form 
insoluble  chlorides.  Sulphuric  acid  is  least  used  as  a  solvent. 
Dilute  acids  are  generally  used.  Minerals  that  are  insoluble 
or  only  partially  soluble  in  either  hydnx'hloric  acid  or  nitric 
acid  alone,  are  usually  soluble  in  a(|ua  regia,  which  is  a  mix- 
ture of  3  parts  of  hydrochloric  acid  with  1  part  of  nitric  acid. 
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RKACTIOXS  OF  DIFFERENT  MINERALS  IN  ACIDS 

27.  Carbonates. — All  carbonates  dissolve  in  acids, 
liberating  carbon-dioxide  gas,  CO^y  with  lively  effervescence. 
Some  carbonates  will  dissolve  in  cold  acid,  but  others  require 
the  acid  to  be  heated,  as  in  the  case  of  magnesite  (magnesium 
carbonate),  dolomite,  and  siderite.  Dilute  hydrochloric 
acid  is  generally  used  for  these  tests  but  nitric  acid  gives 
the  best  results  with  lead,  copper,  and  zinc  carbonates. 

28.  Sulphides. —  When  metallic  sulphides  are  dis- 
solved in  hydrochloric  or  sulphuric  acid,  hydrogen  sul- 
phide, H^S,  is  liberated.  This  is  a  colorless,  highly  poisonous 
gas,  very  readily  recognized  by  its  characteristic  odor, 
which  is  that  of  rotten  eggs. 

Some  sulphides,  when  treated  with  boiling  nitric  acid, 
decompose,  forming  a  metallic  nitrate  or  oxide,  and  libera- 
ting sulphur,  which  separates  as  a  white  or  yellowish 
precipitate. 

•  29.  Silicates. — Some  silicates,  when  finely  powdered 
and  treated  with  boiling  concentrated  hydrochloric  or  nitric 
acid,  are  decomposed,  the  silica  separating  as  a  gelatinous 
precipitate  or  as  a  fine  powder.  Other  silicates  are 
unaffected  by  acids. 

Besides  the  insoluble  silicates,  there  are  a  number  of 
minerals  that  are  insoluble  in  acids;  mostly,  however,  of 
rather  unusual  occurrence,  as  titanates,  tantalates,  colum- 
bates,  etc.  Among  the  commoner  insoluble  minerals  are 
barite,  celestite,  and  anglesite — the  sulphates  of  barium, 
strontium,  and  lead,  respectively — and  many  phosphates. 

30.  Oxides. — The  majority  of  the  mineral  oxides  are 
soluble  in  acids.  Hydrochloric  acid  alone  will  dissolve  most 
of  them,  vhile  several  more  are  soluble  in  nitric  acid  or  in 
aqua  regia.  There  are  a  number  of  mineral  oxides,  however, 
which  refuse  to  yield  to  the  solvent  powers  of  acids,  such 
as  corundum,  A/^C\,  spinel,  MgAl^C\,  chromite,  FcCr^O^, 
rutile,  TiO^y  cassiterite,  SnO^,  quartz,  SiO^,  etc. 
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BEAGEXT8  SOMETIMES  USED  FOR  WET  TESTS 

31.     The  following  list  contains  the  reagents,  solutions  of 
which  are  sometimes  used  for  wet  tests: 


Acetic  acid,  HC%HtO% 
Ammonium  hydrate  or  ammonia, 

NHkOH     . 
Ammonium  chloride,  NH^Ci 
Ammonium  sulphocyanide, 

XH.CNS 
Ammonium  sulphide,  (NH%)tS 
Ammonium  molybdate. 

Ammonium  carbonate,  {NH^)iCOt 
Ammonium  oxalate,  (JV//i)tCtOi, 

2//^0 
Antimony  trioxide,  Sd^Ot 
Antimony  pentoxide,  SdtOt 
Aqua  regia  1  part  HNOt  4-  8  parts 

HCl 
Barium  chloride,  BaCi^.^/ltO 
Barium  hydroxide,  Ba{0//)t 
Copper  sulphate,  CuSOa 
Copper,  Cu 

Cyanide  of  potassium,  KCN 
Calcium  chloride,  CaCi% 
Citric  acid,  H^C^HuC.IhO 
Ferrous  oxide,  Ft'O 
Ferric  oxide,  Fe^O% 
Ferrous  sulphate,  Fe^SO^ 
Gold  trichloride  or  auric  chloride, 

AuCit 
Hydrochloric  acid,  IfCl 
Hydrogen  i>eroxide,  I  1^0% 
Hydrogen  sulphide,  I/%S 
Iron.  Ft' 

Litharge,  lead  oxide,  PbO 
Lead  peroxide,  Pbd 
Manganese  dioxide,  AfftO^ 
Magnesia  mixture  =  ^fgSO^\%m., 

XI/,C/    1    gm..    and    XH^OH 

4   cubic   centimeters  f  8   cubic 

centimeters   H^O.     Dissolve 

thoroughly. 


Molybdate  solution  =  1  gm.  MoOi 
dissolved  in  4  cubic  centimeters 
NUkOH,  and  poured  into  15  cu- 
bic centimeters  HNOt  (C7  1.2) 

Microcosmic  salt,-  HNaNHAPO^. 
^H%0,  phosphorous  salt,  or  hy- 
drogen sodium  ammonium  phos- 
phate 

Magnesium  sulphate,  MgSO^ 

Mercuric  chloride,  HgCU 

Mercurous  chh)ride,  HgCl 

Neutral  oxalate  of  potassium, 
k\L\OK 

Nitric  acid,  HNOt 

Phosphorous  salt  =  microcosmic 
salt 

Potassium  iodide,  KI 

Potassium  hydroxide,  KOH 

Potassium  ferrocyanide, 
K\Fe{CN)t 

Potassium  ferricyanide, 
K.Fe^iCNU 

Potassium  chlorate;  KCiOi 

Potassium  oxalate  (neutral), 
K\L\0, 

Platinic  chloride,  /VC7« 

Potassium  acid  sulphate,  KHSO\ 

Sodium  acetate,  NaC\HtOt 

Sodium  hydroxide,  NaOH 

Sodium  carbonate,  Na^COt 

Sodium  chlorate,  NaLlO% 

St)dium  nitrate,  NaNO% 

StKlium  chloride,  NaCl 

Silver  nitrate,  AgNO% 

Stannous  chloride,  SnCl%,%H%0 

Stannic  oxide,  SnO^ 

Sulphuric  acid,  H-^SO^ 

Salt  of  phosphorus,  S.Pk.  =  mi- 
crocosmic salt 

Tartaric  acid,  HxCJhO% 

Zinc,  Zn 
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THTE   BliOWPIPB 

33.  The  blowpipe  has  been  employed  a  very  long  time 
for  producing  an  intense  heat,  and  has  been  used  by  such 
eminent  men  as  Gahn  and  Berzelius  in  the  determination 
(»f  minerals  and  in  the  preliminary  examination  of  sub- 
stances before  analyzing  them  quantitatively. 

The  most  improved  form  is  shown  in  Fig.  1.  It  consists 
of  the  mouthpiece  1,  made  of  hard  rubber  which  is  pressed 
against  the  lips,  and  is  so  large  as  not  to  tire 
the  operator;  the  tube  2,  which  fits  by  a 
ground  joint  into  the  moisture  reservoir  ^5; 
and  the  tip  holder  4,  fitting  by  a  ground 
joint  into  the  reservoir;  the  tip  is  a  small 
disk  of  platinum  foil,  pierced  in  the  center 
by  a  very  fine  hole  and  soldered  in  the  free 
end  of  4-  Some  blowpipes  have  detachable 
conical  tips  of  platinum,  fitting  into  the  tip 
holder  with  ground  joints;  these  are  con- 
siderably more  expensive  than  the  form 
described,  and  no  better;  besides  the  tips 
are  small  and  apt  to  get  lost.  A  plain  brass 
blowpipe  of  the  form  illustrated  in  Fig.  1 
(the  Plattner  pattern)  costs  about  $1.50. 
The  pipe  can  be  taken  to  pieces  for  packing. 

33.  The  Blast. — The  success  of  the 
blowpipe  as  a  means  of  making  qualitative 
analyses  depends  on  its  proper  manipula- 
tion. It  is  necessary  that  the  operator  be 
able  at  will  to  produce  an  oxidizing  or 
reducing  flame  for  an  indefinite  period  of 
time.     Considerable  practice  is  usually  necessary  to  attain 


Fig.  1 
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proficiency  in  this,  and  no  determinations  should  be  under- 
taken until  a  fair  degree  of  skill  in  blowing  has  been  acquired. 

The  blowpipe  may  be  held  in  any  convenient  position, 
usually  between  the  index  finger  and  the  thumb,  as  a  pen  or 
pencil,  with  the  arms  resting  on  the  edge  of  the  table.  The 
operator  should  choose  any  position  satisfactory  to  himself. 

In  order  to  blow  a  steady  and  continuous  blast,  the  mouth- 
piece of  the  blowpipe  should  be  pressed  firmly  against  the 
lips  and  the  cheeks  distended  with  air.  The  proper  pressure 
is  obtained  by  contracting  the  cheek  muscles  and  not  by  blow- 
ing directly  from  the  lungs.  Breathing  should  be  continued 
through  the  nose.  As  soon  as  the  cheeks  are  nearly  empty 
they  are  filled  again  from  the  lungs  without  interrupting  the 
blast.  In  order  that  these  operations  may  be  performed  prop- 
erly the  tongue  should  be  drawn  back  so  as  to  close  the  connec- 
tion between  the  throat  and  the  mouth.  Care  should  be  taken 
not  to  blow  too  hard.     A  gentle  blast  is  all  that  is  required. 


BL,OWPn»E  LAMPS  AND  FITELS 

34.     Bunsen    Burner. — The   most  convenient   fuel    for 
blowpipe  operations  is  illuminating  gas,  and  the  burner  best 

suited  for  the  purpose  is  the 
Bunsen  burner  shown  in  section. 
Fig.  2  (^7),  with  a  flattened  re- 
movable tip  shown  in  Fig.  2  (d) 
as  a  cap  piece  to  flatten  the 
flame.  There  are  various  forms 
of  these  burners,  the  essential 
feature  being  the  mixture  of 
air  with  the  gas  before  com- 
bustion, but  the  one  showo  is 
the  most  commonly  used. 

The  neck  a  is  connected   to 
the  gas   fixture   by  rubber  tu- 
bing.     The    tube   /   screws   on 
to    the   body  of    the   lamp  and 
the  gas  flows  up  into  it  through  a  small  tube,  or  tip,  d,  which 
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is  flattened  at  the  top  so  that  the  gas  issues  from  a  mere 
slit  about  I  inch  long.  Near  the  bottom  of  the  tube  /  are 
two  holes  r,  and  there  are  corresponding  holes  in  a  short 
sleeve  j,  around  the  base  of  /.  A  small  guard  ring  r  keeps 
the  sleeve  s  in  position.  By  turning  the  sleeve,  the  quantity 
of  air  passing  into  /  and  mixing  with  the  gas  can  be  regu- 
lated. When  the  openings  in  the  sleeve  are  between  the 
openings  in  the  tube,  the  blank  spaces  in  the  sleeve  cover 
the  openings  in  the  tube  and  exclude  all  air,  and  the  gas 
burns  at  the  top  of  the  tube  /  with  the  ordinary  yellow, 
luminous  flame;  but  if  the  sleeve  be  turned  a  little,  the 
openings  in  the  tube  will  be  partly  uncovered  and  air  will 
rush  in  and  mix  with  the  gas,  the  flame  will  then  become 
hotter  and  less  luminous;  and  by  opening  the  air  holes  the 
proper  amount  a  clear,  blue,  non-luminous  flame  is  obtained, 
which  is  very  hot.  If  there  is  very  little  dust  in  the  air, 
this  flame  can  sometimes  be  gotten  so  clear  as  to  be  invisi- 
ble against  a  dark  background.  If  too  much  air  is  admitted, 
it  is  apt  to  blow  -the  flame  out,  or  off  the  burner.  This 
colorless  gas  flame  is  very  convenient  for  making  flame  tests. 
For  blowpiping,  however,  a  yellow  flame  about  \\  inches 
high  is  used,  the  blowpipe  furnishing  the  necessary  oxygen 
for  perfect  combustion. 

In  some  forms  of  burners  the  regulating  sleeve  is  not 
provided,  and  in  order  to  get  a  yellow  flame  a  second  tube, 
whose  outside  diameter  corresponds  to  the  bore  of  the  tube  /, 
is  slipped  inside  of  /,  shutting  off  the  air.  By  flattening  this 
tube  at  the  top  into  a  narrow  slit,  and  cutting  it  at  a  slight 
angle,  lengthwise  of  the  slit,  instead  of  horizontally,  a  flat 
flame  like  that  of  an  oil  lamp  is  obtained.  Flattened  tips, 
Fig.  2  (d),  are  also  made  to  set  on  the  top  of  the  ordinary 
Bunsen  burners  to  get  a  flat  flame  for  blowpiping,  and  spe- 
cially designed  blowpipe  burners  with  flat-tipped  tubes  are 
also  made,  as  they  afford  a  much  better  flame  than  straight 
Bunsen  burners. 

36.  Oil  and  Spirit  i^ini>s.  Etc. — Tlie  oil  and  spirit 
lamps  for   blowpiping  arc  of   various  patterns.     They  are 
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made  of  both  metal  and  glass,  and  with  single  and  double 
wicks.  The  oils  used  in  blowpipe  lamps  should  be  rich  in 
carbon.  Kerosene,  refined  rapeseed  oil,  olive  oils,  and  mix- 
tures of  alcohol  and  benzene  are  variously  used  in  lamps, 
but  none  of  these  is  as  satisfactory  as  illuminating  gas,  with 
a  Bunsen  burner. 

vSpirit  lamps  can  be  used  for  some  blowpipe  tests,  but 
alcohol  is  comparatively  poor  in  carbon,  making  it  almost 
impossible  to  obtain  a  strong  reducing  flame.  Common  wood 
alcohol  makes  a  good  fuel,  but  does  not  give  a  good  reducing 
flame.  If  this  is  mixed  with  benzole,  or,  as  it  is  commonly 
called,  benzene,  C^H^,  in  the  proportion  of  ten  parts  benzole 
and  90  parts  alcohol,  the  flame  will  contain  a  greater  per 
cent,  of  carbon  and  become  a  good  reducing  flame.  The 
ordinary  benzene  used  for  cleaning  purposes  is  simply  a 
gasolene  and  is  too  volatile  for  this  ivork. 

Candles  are  sometimes  used  for  blowpiping  when  no  better 
flame  is  obtainable,  but  they  are  rather  unsatisfactory,  as  the 
water  in  the  tallow  or  wax  cools  the  flame  and  makes  it  sooty. 


THE  FI^ME 

36.  An  ordinary  luminous  flame,  like  the  flame  of  a 
candle,  lamp,  or  gas  burner,  consists  of  three  parts:  an  inner 
zone,  just  above  the  wick  or  burner, 
^^  '*  of  gas  or  volatilized  oil  or  tallow 
that  has  not  yet  caught  fire;  immedi- 
ately outside  of  this  is  a  zone  of  burn- 
ing gas,  rendered  yellow  and  luminous 
by  innumerable  minute  particles  of 
incandescent  carbon,  resulting  from 
the  decomposition  of  some  of  the  hy- 
drocarbons under  the  influence  of  heat. 
This  zone  is  the  luminous  portion  of  the 
flame;  and  outside  of  this  again  an  in- 
visible envelope  of  carbon  dioxide  gas 
and  water  vapor,  ll.p — the  products 
of  the  complete  combustion  of  the  hydrocarbons  of  the  fuel. 


§34 


BLOWPIPING 


17 


..-v*-^' 


The  flame  of  a  candle,  Fig.  3,  for  instance,  is  a  typical 
luminous  flame.  The  inmost  cone  c  consists  of  volatilized 
wax  or  tallow  not  yet  ignited,  and  is  blue  and  transparent ; 
the  middle  cone  b  is  the  luminous  portion  of  the  flame,  and 
outside  of  ^  is  a  third  cone  a^  of  a  faint  blue  color  and 
hardly  visible,  consisting  almost  entirely  of  carbon  dioxide, 
gas,  and  water  vapor. 

37.  Reduclugr  Flame. — If  the  tip  of  the  blowpipe  is  held 
about  i  inch  above  the  top  of  the  wick  or  burner  of  a  blowpipe 
lamp,  and  just  outside 
of  the  flame,  as  shown 
in  Fig.  4,  and  a  strong, 
steady  blast  blown, 
the  flame  is  thrown 
into  a  horizontal  cone. 
The  amount  of  air  used 
should  be  just  sufficient 
to  keep  a  steady,  hori- 
zontal flame,  free  from 
soot,  but  still  yellow.  The  entire  flame  will  be  diminished 
in  size,  but  the  temperature  will  be  greatly  increased,  and  if 
a  reducible  substance  is  held  just  inside  of  the  tip  of  the 
yellow  cone  b  it  will  be  rapidly  deoxidized  or  rednctMl.  This 
reducing  action  of  the  flame  gives  it  the  name  of  rediiclniBC 
fluiue  (R.  F.).  It  is  due  to  the  partially  burned  gas  and 
incandescent  carbon  of  the  luminous  portion  of  the  flame, 
which  seek  to  oxidize  themselves  at  the  expense  of  any  sub- 
stance heated  in  the  flame.  The  reaction  of  the  flame  on 
the  mineral  cuprite,  Cnfi^  may  be  taken  as  an  example  of 
this.  The  reaction  between  the  mineral  and  incandescent 
carbon  is 

Cufi  -rC  =  'ZCu  -r  CO 

a  reduction  of  the  cuprite  to  m'^tallic  cop[>f:r,  and  a  partial 
oxidation  of  the  carbon:  ar.d  l\\*z  reartion  b';tween  the 
mineral  and  the  partially  'j\'v\\z*-A  carbon  {CU — carbon 
monoxide)  of  the  flame  \^ 


Cu^O-r  Co  =  zCH-rCO^ 
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the  carbon  monoxide,  CO^  oxidizing,  at  the  expense  of  the 

cuprite,  to  carbon  dioxide,  CO^,  the  highest  oxide  of  carbon. 

Sulphates  are  similarly  reduced  to  sulphides,  and  carbonates 

first  to  oxides  and  then  to  metals. 

Note. —If  the  student  wishes  to  test  the  reducing  flame,  it  can  be 
done  as  follows:  Place  a  small  piece  of  metallic  tin  on  charcoal  and 
melt  it  with  the  reducing  flame.  As  long  as  a  pure  reducing  flame  is 
blown  the  metal  will  be  bright.  But  if  it  comes  into  the  oxidizing 
flame  a  white  coat  of  the  oxide  will  be  formed.  The  student  should 
practice  until  he  can  blow  a  pure  reducing  flame. 

38.  Oxidizing  Flame. — If  the  tip  of  the  blowpipe  be 
introduced  into  the  flame,  as  shown  in  Fig.  6,  and  a  strong, 

steady  current  of  air 
j«*SK^^  ^^  blown,  the  flame 

T  i^^r— ^""  *"^^^^^^l'  -  will  be  elongated  into 

a  narrow  cone;  the 
luminous  portion,  if 
sufficient  air  is  sup- 
plied, will  •  disappear 
entirely,  the  air  from 
the  pipe  affecting  the 
combustion  of  the 
volatilized  tallow  at  c 
in  the  same  way  as  the  air  through  the  ports  of  a  Bunsen 
burner  affects  that  of  the  gas.  The  mixture  of  gas  and  air 
burns  with  a  pale-blue,  non-luminous  flame,  to  carbon 
monoxide,  carbon  dioxide,  and  water  vapor.  The  outside 
cone  ^,  in  which  all  the  carbon  has  burned  to  carbon  dioxide, 
is  unaltered.  This  flame  is  called  the  oxidizing  flame  (O.  F. ), 
and  a  substance  held  at  the  tip  of  the  outer  cone,  where  the 
air  can  get  at  it,  but  away  from  any  possible  reducing  action 
of  the  carbon  monoxide  in  the  cone  b,  will  be  rapidly  oxidized. 
The  oxidizing  flame  is  also  used  for  flame  tests,  on  account 
of  being  colorless,  and  for  fusing,  as  it  is  the  hottest  flame 
obtainable  with  the  blowpipe.  The  hottest  point  of  the 
flame  is  just  beyond  the  tip  of  the  inside  c(me  b. 

Note. — To  test  the  oxidizing  flame  the  student  can  prep>are  a  borax 
bead  and  add  a  little  manganese  mineral  to  the  same.  As  long  as  the 
bead  is  kejn  in  the  oxidizing  flame  it  will  remain  violet  when  hot  and 
reddish-violet  when  cold.  But  the  reducing  flame  will  clear  the  bead 
and  render  it  colorless  both  when  hot  and  when  cold. 
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SUPPORTS 

39.  Charcoal. — The  materials  to  be  examined  before  the 
blowpipe  are  supported  by  certain  substances  that  are  either 
infusible  or  are  capable  of  withstanding  a  high  heat  without 
appreciably  changing  their  form. 

For  roasting,  obtaining  coats»  reducing  metals,  and  making 
ilphur  tests,  eharcoal  is  the  support  used.  It  is  made  from 
rood  that  gives  a  dense  coal  with 
very  little  ash,  and  can  bethought 
in  specially  prepared  blocks  or 
sticks,  of  convenient  size  for 
blow  pi  ping,  for  50  cents  a  dozen, 
and  in  this  form  is  much  more 
satisfactory  than    lump  charcoal.  ^'*^'  * 

Artificial  charcoal,  made  of  charcoal  dust  compressed  into 
sticks,  is  also  used.  If  the  artificial  charcoal  gets  damp, 
it  is  liable  to  explode  with  considerable  violence  on  heating, 
from  the  impossibility  of  the  steam  escaping  fast  enough; 
if  such  charcoal  is  slowly  dried  out  for  several  hours  over  a 
stove,  it  will  no  longer  cause  trouble.  A  small  hole  is  bored 
with  a  knife  blade  into  the  charcoal,  Fig,  G,  to  hold  the 
assay,  which  is  moistened  if  it  tends  to  blow  away.  Old 
coats  on  the  coal  are  scraped  off  with  a  knife  before  reusing. 

40.  Platinum    Wire, — For  holding  the  borajr  beads, 
plfitintim  wire — No.  27  (or  jeweler's  hole  l^l)~is  used,  as 
platinum  withstands  the  high  heat  and  is  unaffected  by  the  ^ 
reagents  or  flame.     Pieces  about  2  or  3  inches  long  are  U5<;d,  ^ 
beld,  preferably,  in  special  wire  holders  that  are  made  for 

^the  purpose  (costing  about  one  dollar),  or  else  one  end  isj 
fused  into  a  short  piece  of  glass  tubing  for  a  handle,  or  hel<3 
in  the  forceps.     To  make  a  bead^  the  wire  is  heated  and 
dipped  into  the  flux. 

41*  Plattatim  Foll.—For  testing  for  manganese  and 
chromium,  a  small  piece  of  plmtfnum  foil  is  employed. 
Care  must  be  taken  not  to  fuse  metals  like  lead,  zinc,  tin, 
nickel*  copper,  or  silver  on  it,  nor  should  compounds  of. 
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these  metals  be  treated  on  platinum  foil  in  the  R.  F.,  as  the 
metals  reduce  and  form  a  fusible  alloy  with  the  platinum. 

4!3.    Forceps. — For  testing  the  fusibility  of  minerals,  the 
platinum-pointed  groose-neck  forceps  shown  in  Fig.  7  are 


PlO.  7 

used ;  they  have  also  pointed  steel  tips  at  the  other  end  that 
will  be  found  very  convenient.      Such  forceps  cost  about 

$2.25  a  pair. 

For  trimming  the   flame 
and    for    rough    work,    the 
P'°-  8  iron  forceps  shown  in  Fig.  8 

are  used;  they  cost  only  10  or  15  cents. 

43.  Glass  Tubes. — Open  tubes  of  hard  glass,  free 
from  lead,  from  ^  to  \  inch  inside  diameter,  and  from  4 
to  G  inches  long  and  open  at  both 
ends,  are  used  in  the  examination 
of  substances  to  be  ignited  in  a 
current  of  air.  The  tube  is  some- 
times bent  slightly  an  inch  or  two 
from  one  end,  Fig.  9,  to  keep  the  fig.  9 

body  ^,  under  examination,  which  is  placed  in  the  bend,  from 
falling  out.  Usually  the  material  to  be  tested  is  pulverized, 
inserted  by  means  of  a  bent  paper,  and  then  pushed  down 
with  a  match  or  piece  of  paper  rolled  up  for  the  purpose. 

Closed  tubes  are  used  for  th'e  ignition  of  bodies  in  a  limited 
supply  of  air.  They  are  made  of  the  smaller  sizes  of  tubing, 
\  to  y\  inch  inside  diameter,  and  closed  at  one  end.  They 
are  usually  made  by  heating  in  the  middle  a  tube  of  twice 
the  desired  length,  turning  it  slowly  in  the  flame  so  that  it 
will  be  uniformly  heated  all  the  way  around,  and  when  it  is 
soft  and  pasty,  pulling  it  out  at  both  ends,  into  two  closed 
tubes.  The  filament  of  glass  on  the  bottom  of  each  tube 
can  be  melted  up  into  the  tube  by  directing  the  flame  on  it 
for  a  moment,  giving  a  smooth  bottom.  Small  lumps  of 
material  are  better  suited  for  closed-tube  tests  than  powder. 
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A  clean  tube  should  be  used  at  each  new  operation.  TubcB 
may  sometimes  be  cleaned  by  swabbing  with  soft  paper 
wrapped  around  a  wire, 

44*  Glass  matrassee  are  used  for  testing  for  acids  by 
fusion  with  potassium -acid  sulphate,  etc,  and  are  also  fre- 
quently used  for  the  same  purposes  as  closed  tubes* 
They  are  of  the  form  shown  in  Fig.  10 — practically 
only  a  closed  tube  with  the  closed  end  blown  into 
a  bulK  An  ordinary,  straight,  closed  tube,  about 
4  inches  long  and  \  inch  inside  diameter,  is  a  satis- 
factory substitute  for  a  matrass,  or  the  student  can 
blow  a  bulb  on  the  end  of  such  a  tube  and  have  a 
bulb  tube  that  will  answer  his  purpose  fully  as  well  as 
the  matrasses  he  might  buy.  For  holding  matrasses,  special 
wooden  handles  are  made,  but  a  strip  of  paper,  folded  length- 
wise several  times  and  held  around  the  neck  of  the  matrass, 
with  the  ends  serving  as  a  handle,  will  answer  the  purpose. 

45,  Te«t  tubes  are  used  in  making  wet  tests,  boiling  in 
acids,  etc.  They  are  straight  glass  tubes,  closed  at  one  end 
and  with  a  lip  on  the  open  end.  They  are  made  of  thin, 
hard  glass,  that  will  stand  considerable  heat  without  crack- 
ing. A  test-tube  rack,  in  which  the  tubes  can  be  stood 
upright,  is  also  necessary.  A  holder,  for  holding  tubes  while 
heating,  is  convenient,  but  a  paper  holder  will  answer* 
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46,  Hartars,^ — A  small  agate  mortar  and  ]»eette  arc 
used  for  reducing  materials  to  a  very  fine  powder.  The  sub- 
stance should  be  powdered  by 
grindmg,  and  never  pounded  in 
this  mortar,  as  the  mortar  is 
liable  to  be  damaged. 

A  diamond  mortar  and  pestle, 
made  of  the  very  best  tool  sie«i 
Pi0,  It  and  very  hard,  are  used  forcrush- 

iog  miiierals  and  for  flattening  beads.     One  form  is  sbown 
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in  Fig.  11.  The  bottom  of  the  mortar  is  used  as  an  anvil, 
while  the  mortar  and  pestle  are  used  for  crushing  hard  and 
brittle  minerals,  as  they  prevent  the  loss  of  pieces  by  flying 
out.  Such  a  combined  anvil  and  mortar  cost  from  two 
to  four  dollars. 

47.  Hamnier.  —  For  knocking  chips  off  of  minerals, 
flattening  beads,  stamping  cupels,  etc.,  a  small  hammer  is 
necessary.  Any  small,  square-headed  hammer,  with  sharp 
corners  and  made  of  good  steel,  will  do. 

48.  Cutting  pliers  are  useful  in  detaching  fragments 
from  mineral  specimens. 

49.  File. — A  small  three-edged  file  is  necessary  for  cut- 
ting glass  tubes. 

50.  Cupel  Mold  and  Stand. — For  making  the  cupella- 
tion  assay,  special  iron  or  steel  molds,  {a),  (tt),  Fig.  12,  are 

used.     After  filling  these  loosely  with  finely 
I]      ground  bone   ash,  moistened    with   a    little 
i       water  in  which  a  little  carbonate  of  soda  has 
11      been  dissolved,  the  die  (d)  is  placed  on  top, 
#y^:>  and   then   given  two   or  three  sharp  blows 
with   a   hammer,  producing  a  nice,  smooth 
cupel.     Cupels   should  be  thoroughly  dried 
before  using.     The  mold  with  its  cupel  is  set 
on  a  stand  (c)  with  a  wooden  base  while  cupel- 
ling.    After    the   cupellation    is   completed, 
the  old,  lead-soaked  bone  ash  is  scraped  out, 
the  mold  is  refilled  with  fresh 
bone  ash,  and  a  new  cupel  is 
The    holder,    die,    and    set    of    two 
molds  cost  about  *1.50. 

51.  Mai^nlfyluK   Olass. — An   indispensa- 
ble a(ljun(  t  to  the  blowpipe  outfit  is  a  good 
ma^nlfylni^  l^laRs,  and  the  most  serviceable  Pio.  18 
kind  for  this  purpose  is  the  pocket  type  shown  in  Fig.  13, 
which  has  three  lenses  of  different  powers  that,  combined, 
make  a  very  strong  magnifier.     It  costs  about  GO  or  75  cents. 


struck. 
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62.  Magn^et. — For  detecting  magnetic  metals,  it  is 
necessary  to  have  a  magn^et.  A  small  horseshoe  or  bar 
magnet  is  best,  but  a  very  convenient  one  for  this  purpose, 
and  also  for  the  field  mineralogist,  is  a  magnetized  blade  of 
a  pocket  knife,  which  is  easily  made  by  stroking  the  blade  a 
few  times,  from  handle  to  point,  with  a  strong  magnet,  or 
holding  the  point  against  one  of  the  poles  of  an  electric 
dynamo. 

53.  Watch  srlasses  and  porcelain  capsules  are  used 
for  testing  the  solubility  of  minerals,  and  are  supported  on 
rings  carried  by  the  lamp  rod,  or  else  on  a  wire  tripod.  The 
capsules  are  better  than  watch  glasses,  as  they  do  not  crack 
so  readily  in  heating.  The  substance  should  be  finely 
ground,  and  should  be  stirred  with  a  glass  rod  while 
heating.  The  acid  should  be  completely  driven  off,  as 
sometimes  it  cannot  be  told  whether  the  substance  has 
been  affected  by  the  acid  until  it  has  been  evaporated  and 
redissolved  in  water. 

54.  Streak  Plate. — A  small  plate  of  unglazed  porcelain 
is  very  convenient  for  obtaining  the  streak  of  minerals. 
These  plates  are  2^  by  3J  inches  and  cost  35  cents. 
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EXAMINATION  OF   A  SUBSTANCE 
BEFORE  THE  BLOWPIPE 

66.  Plattner  has  recommended  the  following  order  of 
examination: 

(a)  Exaviinatton  Without  Reagents:  (1)  Heating  in  a 
small  matrass  or  in  a  closed  tube,  to  observe  whether  the 
substance  is  hydrous  or  anhydrous;  whether  it  gives  off 
volatile  products;  whether  it  decrepitates,  or  is  phosphor- 
escent, or  changes  color,  etc.  (2)  Heating  in  an  open  tube, 
to  observe  whether  any  constituent  is  present  that  oxidizes 
on  ignition  in  a  current  of  air ;  and  if  vapors  are  given  off, 
attention  should  be  paid  to  their  odor  and  to  the  sublimates 
they  form  on  the  inner  surface  of  the  tube,  etc.  (3)  Heat- 
ing on  charcoal,  to  observe  the  characteristic  alterations 
that  substances  undergo  in  both  the  oxidizing  and  reducing 
flames;  whether  metallic  constituents  are  present  that 
volatilize  and  form  coats  on  the  coal;  and  to  observe  the 
odor  after  a  short  exposure  to  heat,  etc.  (4)  Heating  in 
platinum  forceps,  to  test  the  fusibility,  and.  to  observe' the 
colorations  of  the  flame,  etc. 

{b)  Examination  With  the  Aid  of  Reagents :  (1)  Treat- 
ment with  a  weak  solution  of  nitrate  of  cobalt  of  infusible 
or  nearly  infusible  substances  of  a  light  color,  to  observe 
what  color  is  imparted  to  them.  (2)  Fusion  with  borax,  to 
observe  the  colors  imparted  to  the  bead,  etc.  (3)  Fusion 
with  salt  of  phosphorus,  to  observe  the  colors  imparted  to 
the  bead,  etc.  (4)  Treatment  with  carbonate  of  soda  on 
charcoal,  to  effect  the  reduction  of  any  metallic  oxides 
present,  which  can  thus  be  more  easily  accomplished  than  by 
the  use  of  the  reducing  flame  alone. 

In  all  these  operations  the  smallest  possible  amount  of  the 
substance  to  be  examined,  consistent  with  the  success  of  the 
reactions,  should  be  used.     The  substance  should,  in  most 
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cases,  be  finely  powdered.  The  blowpipe  lamp  should  be 
set  on  a  piece  of  stout  wrapping  paper,  or  glazed  paper,  if 
convenient,  so  that  the  assay  may  not  be  lost  if,  through 
carelessness,  it  is  allowed  to  fall.  The  operations  in  blow- 
piping  should  be  conducted  in  the  daytime  and  in  a  good 
light  if  possible,  if  not  the  cold  beads  should.be  kept  and 
examined  in  daylight. 

The  closest  observation  will  be  found  necessary  for  the 
detection  of  the  various  reactions,  and  the  student  is  advised 
to  begin  with  simple  substances  whose  exact  composition  is 
known,  so  that  he  may  fix  in  his  mind  their  characteristic 
behavior  when  treated  with  and  without  reagents. 


EXAMINATION  WITHOUT    REAGENTS 


HEATING  IN  A  CLOSED  TUBE 

56.  The  substance  in  a  finely  powdered  state  is  placed  in 
the  bottom  of  a  tube  sealed  at  one  end,  care  being  taken 
that  none  of  it  adheres  to  the  inner  surface  of  the  tube.  It 
may  be  introduced  by  placing  it  first  in  a  paper  trough, 
holding  the  tube  horizontal,  then  pushing  the  trough  in  the 
tube  clear  to  the  bottom,  and  finally  bringing  the  tube  to  a 
vertical  position  and  carefully  withdrawing  the  trough. 
The  tube  is  now  held  in  a  slightly  inclined  position  over  the 
flame  and  heated,  gently  at  first,  and  then,  if  necessary, 
more  intensely.  The  successive  phenomena  are  closely 
observed  and  noted ;  thus: 

1.  The  substance  decrepitates,  as  fluorite,  barite,  etc. 

2.  The  substance  is  phosphorescent,  as  fluorite,  apatite, 
etc. 

3.  The  substance  changes  color,  and  nothing  volatilizes 
except,  perhaps,  a  little  water,  as  zincite  and  cerussite, 
which  turn  yellow,  and  malachite  and  siderite,  which  turn 
black. 

4.  The  substance  fuses,  as  stibnite,  etc. 
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5.  The  substance  gives  off  oxygen,  as  psilomelane ;  told 
by  placing  a  bit  of  charcoal  in  the  tube,  heating  it  first  and 
then  heating  the  assay,  whereupon  the  charcoal  will  glow 
brightly. 

6.  The  substance  yields  water,  which  condenses  in  the 
upper  and  cooler  portions  of  the  tube,  as  limonite,  etc. 

7.  The  residue  is  magnetic,  as  in  the  case  of  sider- 
ite,  FeCO^,  pyrite,  FeS^,  etc. 

8.  The  substance  gives  sublimates  which  condense  on  the 
cold  part  of  the  tube. 

Sulphur. — A  sublimate,  dark  yellow  to  reddish-brown 
while  warm,  pure  sulphur- yellow  when  cold;  this  indicates 
the  presence  of  sulphur  either  originally  free  or  in  combina- 
tion as  a  sulphide,  as  in  the  case  of  metallic  sulphides,  like 
pyrite,  FcS^,  and  chalcopyrite,  CuFeS^. 

Arsenic. — A  sublimate,  dark  brownish-red  to  almost  black 
while  warm,  orange-red  or  reddish-yellow  to  red  when  cold; 
this  indicates  the  presence  of  sulphide  of  arsenic,  as  in  the 
case  of  realgar,  AsS^  and  orpiment,  As^S^,  or  in  combinations 
of  metallic  sulphides  and  arsenides,  like  arsenopyrite,  FeS^ 
-\-  FeAs^,  or  FeAsS.  A  sublimate  of  a  black,  brilliant  luster, 
having  a  garlic  odor;  this  indicates  metallic  arsenic,  as  in 
the  case  of  native  arsenic,  arsenious  and  arsenic  oxides,  and 
various  arsenides.  The  test  may  be  made  very  delicate  by 
placing  a  splinter  of  charcoal  in  the  tube  above  the  assay, 
and  first  heating  this  red  hot  and  then  heating  the  assay. 
The  volatilized  arsenious  oxide  will  be  reduced  in  passing 
over  the  glowing  carbon,  and  will  deposit  a  black  mirror  of 
metallic  arsenic  just  above  the  charcoal.  This  test  will  dis- 
tinguish arsenic  when  combined  with  antimony,  as  the  latter 
gives  no  mirror  under  these  circumstances. 

Autiniofiy. — A  sublimate  when  the  substance  is  strongly 
heated,  condensing  just  above  the  assay,  black  when  l\ot, 
cherry-red  to  brownish-red  when  cold;  this  indicates  the 
presence  of  sulphide  of  antimony,  as  in  the  case  of  stib- 
nite,  Sh^S^,  or  of  compound  sulphides  of  antimony  and  some 
other  metal  or  metals,  like  pyrargyrite  or  ruby  silver 
ore,  Ag^SbS^,  or  ^Ag^S  +  Sb^S^. 
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Mercury. —  A  sublimate,  dull  black  when  cold,  which 
becomes  red  when  rubbed  with  a  splinter  of  wood;  this  indi- 
cates the  presence  of  sulphide  of  mercury,  as  in  cinnabar,  HgS^ 
or  where  other  metallic  sulphides  are  combined  with  sul- 
phide of  mercury,  as  in  mercuriferous  tetrahedrite.  A  sub- 
limate of  a  lustrous  gray  color,  consisting  of  metallic 
globules  (use  a  lens)  that  can  be  rubbed  together  with  a 
splinter;  this  indicates  metallic  mercury,  as  in  case  of 
amalgams. 

Selenium. — A  sublimate  of  a  dark-red  to  an  almost  black 
color,  having  the  odor  of  decaying  horseradish;  this  indi- 
cates the  presence  of  selenium,  as  in  the  case  of  various 
selenides. 

Tellurium. — A  sublimate  of  metallic  luster  that  condenses 
in  small  drops  in  the  upper  end  of  the  tube;  this  indicates 
tellurium,  as  in  the  case  of  various  tellurides. 

(The  reactions  in  the  closed  tube  for  non-volatile  metallic 
sulphides  and  those  that  contain  a  low  proportion  of  sulphur, 
for  non-volatile  arsenides  and  those  containing  only  1  atom 
of  arsenic  for  2  atoms  of  the  metal,  and  also  for  tellurides 
and  antimonides,  are  very  uncertain,  and  sometimes  there 
are  none  at  all.) 


HEATING   IN  THE  OPEN  TUBE 

57.  In  the  open  tube  the  substance  is  heated  in  a  current 
of  air,  and  hence  is  subjected  to  an  oxidizing  or  roasting 
'action;  whereas  in  the  closed  tube  the  substance  was  heated 
in  a  very  limited  supply  of  air  and  volatilized  without  oxida- 
tion. This  constitutes  the  difference  between  the  two  chem- 
ical reactions. 

In  lieatingr  In  the  open  tube,  care  must  be  taken  to  pro- 
ceed by  gently  heating  the  substance  at  first,  and  gradually 
increasing  the  heat,  otherwise  some  substances  will  volatil- 
ize at  once  without  oxidation,  and  will  give  reactions  similar 
to  those  in  the  closed  tube.  Straight  tubes  are  generally 
tised,  as  they  are  easier  cleaned,  but  the  beginner  may  make  a 
slight  bend  in  the  tube  about  an  inch  from  the  end,  at  which 
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point  the  assay  is  to  be  placed.  The  current  of  air  is 
started  up  through  the  tube  by  warming  it  just  above 
the  assay  first,  afterwards  bringing  the  flame  immediately 
under  it. 

When  examining  a  substance,  it  is  advisable  to  have  a 
moistened  piece  of  litmus  paper  in  the  top  of  the  tube,  and 
the  effect  of  the  vapors  upon  it  should  be  noted. 

The  effects  of  the  heating  should  be  observed  exactly 
as  in  the  closed  tube,  and  many  of  the  phenomena  will  be 
found  identical.  Many  substances  that  were  not  volatile 
in  the  closed  tube,  however,  here  become  oxidized,  and 
escape,  some  as  gases,  recognized  by  their  characteristic  odor 
and  their  action  on  litmus  paper;  others  as  sublimates  that 
condense  in  the  cool  part  of  the  tube  at  varying  distances 
from  the  assay. 

68.    The  following  are  the  most  important  open-tube  tests : 

Sulphur. — Metallic  sulphides  and  substances  containing 
even  trifling  amounts  of  sulphur  yield  sulphurous  anhydride, 
which  is  recognized  by  its  sulphurous  odor  and  by  reddening 
moistened  blue  litmus  paper. 

Selenium. — Selenides  and  substances  containing  even  small 
amounts  of  selenium  yield  a  gaseous  oxide  of  selenium  hav- 
ing the  characteristic  odor  of  decaying  horseradish.  If 
there  be  much  selenium  present,  a  steel-gray  sublimate  is 
formed  near  the  assay,  the  sublimate  becoming  red  at  a 
greater  distance  from  it. 

^^r.yr;//r.— Metallic  arsenic  and  arsenides  containing  much 
arsenic  yield  a  white  crystalline  sublimate  of  arsenious  acid, 
which  is  very  volatile,  and  hence  is  at  quite  a  distance  from 
the  assay.     This  reaction  requires  only  a  moderate  heat. 

Antimony. — Most  compounds  of  antimony  yield,  at  first, 
a  dense  white  smoke,  consisting  mostly  of  pure  oxide  of 
antimony,  which  passes  through  the  whole  length  of  the 
tube,  partly  condensing  on  the  upper  side  of  the  tube  and 
partly  escaping.  This  coat  is  volatile  and  may  be  driven  off 
by  again  heating  to  redness.  Afterwards  a  white,  non- 
volatile, infusible  sublimate,  which  consists  of  a  combination 
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of  oxide  of  antimony  and  antimonic  acid,  gathers  on  the 
lower  side  of  the  tube.    This  sublimate  is  yellowish  while  hot. 

Tellurium. — Most  compounds  of  tellurium  yield  tellurous 
acid,  which  passes  through  the  tube  and  condenses  into  a 
sublimate;  this  sublimate  can  be  fused  into  colorless  drops, 
which  solidify  on  cooHng,  distinguishing  it  from  the  corre- 
sponding antimony  coat. 

Mercury. — Most  compounds  of  mercury  yield  a  bright 
metallic  sublimate  consisting  of  small  globules  of  metallic 
mercury,  which  can  be  rubbed  into  a  big  drop  with  a  splin- 
ter of  wood.     A  moderate  heat  is  sufficient  for  this  reaction. 

Lead. — Sulphide  of  lead  yields,  in  addition  to  sulphurous 
acid,  a  white  sublimate  of  sulphate  of  lead,  which  con- 
denses on  the  bottom  of  the  tube. 

Bismuth. — Most  compounds  of  bismuth  yield  a  sublimate 
of  oxide  of  bismuth,  which  condenses  near  the  assay,  and  is 
fusible  to  drops  that  are  brown  when  hot  and  dark-yellow 
when  cold. 

Molybdenum. — Sulphide  of  molybdenum  yields,  in  addition 
to  sulphurous  acid,  a  thin,  white,  crystalline  sublimate,  fusi- 
ble to  drops  which  are  yellowish  while  hot  and  nearly  color- 
less when  cold.  When  the  R.  F.  is  directed  upon  them, 
they  become  blue,  or  even  copper  red,  from  reduction. 
High  heating  is  necessary  for  this  reaction. 


HBATINO  OX  CHARCOAL 

59.  A  fragment  of  the  substance  to  be  examined  is 
placed  in  a  shallow  cavity  in  the  charcoal  and  the  flame 
directed  downwards  upon  it.  Its  behavior  in  both  flames  is 
observed.  If  the  mineral  decrepitates,  it  will  be  found 
necessary  to  powder  it  and  make  it  into  a  paste  with  water; 
this  is  placed  on  the  charcoal  and  heated,  slightly  at  flrst, 
and  then  more  intensely.  If  any  difficulty  is  encountered, 
when  infusible  and  non-volatile  substances  are  treated,  in 
keeping  the  assay  in  its  place  sufficiently  long  to  obs<;rve  its 
behavior  fully,  it  will  be  found  advantageous  to  heat  the 
fragment  to  redness  and  then  touch  it  to  a  grain  of  borax. 
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The  borax  attaches  itself  to  the  fragment,  and  both  are  put 
on  the  charcoal  and  heated..  The  borax  melts  and  adheres 
to  the  charcoal,  keeping  the  assay  in  place. 

The  characteristic  phenomena  to  be  observed  are  the  odor 
after  short  exposure  to  the  heat,  the  fusibility  of  the  sub- 
stance, the  character  of  the  residue,  and  the  sublimates,  or 
coats,  formed  at  a  distance  from  the  assay.  The  color  of 
the  coats  must  be  closely  observed,  both  while  hot  and  when 
cold;  it  should  be  noted  at  what  distance  from  the  assay 
they  condense,  whether  they  disappear  when  either  O.  F. 
or  R.  F.  is  directed  against  them,  and  how  they  color  the 
flame. 

60.  The  following  are  the  most  important  elements 
giving  characteristic  reactions  on  charcoal: 

Sehniium  melts  easily;  yields  brown  fumes  in  both  O.  F. 
and  R.  F.,  which  deposit  near  the  assay  as  a  steel-gray  coat 
with  a  feeble  metallic  luster,  and  at  a  somewhat  greater  dis- 
tance as  a  dark-gray,  dull  coat.  The  coat  is  volatile  in  both 
flames,  and  when  treated  with  the  R.  F.,  it  disappears  with 
a  fine  azure-blue  flame.  The  odor  of  decaying  horseradish 
is  strongly  perceptible  throughout  the  entire  operation. 

Tellurium  melts  easily ;  volatilizes  in  fumes  in  both  flames; 
and  coats  the  coal  at  no  great  distance  from  the  assay.  The 
coat  is  white,  with  a  red  or  dark-yellow  border,  and  is  vola- 
tile in  both  flames.  Under  the  R.  F.  the  coat  disappears 
with  a  green  flame.  In  the  presence  of  selenium,  the  flame 
is  bluish-green. 

Arsenic  volatilizes  without  fusing,  and  coats  the  coal  in 
both  flames.  The  coat  is  white,  appearing  grayish  when 
thin,  and  forms  at  a  distance  from  the  assay.  It  can  be 
easily  driven  off  by  simply  warming  with  either  flame,  and 
if  rapidly  treated  in  the  R.  F.,  it  disappears,  coloring  the 
flame  a  pale  blue.  During  the  volatilization  of  arsenic  in 
the  R.  F.,  a  strong  garlic  odor  is  evolved. 

Antimony  melts  easily,  and  forms  a  coat  with  both  flames. 
The  coat  is  white,  bluish  when  in  thin  layers,  and  is  not  as 
distant  from  the  assay  as  the  arsenic  coat.     It  is  volatile  in 
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both  flames,  and  disappears  when  treated  with  the  R.  F., 
tinging  the  flame  pale  green. 

Lead  melts  easily,  coating  the  coal  with  oxide  in  both 
flames.  The  coat  is  dark  lemon-yellow  while  warm,  snl- 
phur-yellow  when  cold,  and  bluish-white  when  in  thin  layers. 
The  coat  is  volatile  in  both  flames,  and  disappears  in  the 
R.  F.,  coloring  the  flame  azure  blue. 

Bismuth  melts  easily,  coating  the  coal  with  oxide  in  both 
flames.  The  coat  is  dark  orange-yellow  while  hot  and 
lemon-yellow  when  cold,  being  yellowish  white  in  thin  layers. 
It  is  volatile  in  both  flames,  but  does  not  color  the  reducing 
flame. 

Cadmiuvt  volatilizes  very  easily,  and  burns  in  the  O.  F. 
with  a  dark  yellow  flame  and  brown  fumes  that  coat  the  coal 
rather  near  the  assay.  Next  to  the  assay  the  coat  is  thick, 
crystalline,  and  of  a  very  dark,  almost  black,  color;  farther 
off  it  is  reddish-brown;  and  when  in  thin  layers,  it  is  of  an 
orange-yellow  color.  In  appearance,  the  coat  is  iridescent, 
like  a  peacock's  feather.  It  is  volatile  in  both  flames,  but 
gives  no  coloration  to  them. 

Zinc  melts  easily,  and  burns  in  the  O.  F.  with  a  strongly 
luminous,  greenish-white  flame,  and  forms  a  coat  near  the 
assay  that  is  yellow  while  hot  and  white  when  cold.  In  the 
O.  F.  this  coat  is  luminous,  but  not  volatile.  It  is  volatilized 
very  slowly  in  the  R.  F. 

Tin  melts  easily,  and  forms  in  the  O.  F.  an  oxide  that 
covers  the  assay,  and  can  be  blown  away.  In  the 
R.  F.  the  metal  becomes  lustrous,  and  forms  a  coat  that 
is  pale  yellow  while  warm  and  white  when  cold,  and  is  so 
close  to  the  assay  that  it  b^.»rders  ufK^n  it.  It  cannot  !>« 
driven  off  by  either  flame. 

Molybdenum  is  infusible.  In  th^-  <).  F.  it  gradually 
oxidizes  and  forms  a  coat  n*;ar  th*:  assay,  yellowish  and 
sometimes  crystalline  whil^  hot  and  white  when  cold.  When 
touched  for  an  instant  with  th^  R.  F..  a  dark  blue  fjA*,r  i» 
given  to  the  coat.  The  fJarr.*:  :r.  *.':..-.  ^as^  must  not  ^y:  V^f 
hot.  In  the  O.  F.  the  'oa*.  :-;  volat:>.  %  ;♦  l^raves  a  red  stain 
on  the  coal  vhich  '^  not  farther  atfe^te^i. 
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Siher  melts  easily.  In  a  powerful  O.  F.,  it  gives  a  slight 
reddish-brown  coat  of  oxide.  If  a  little  lead  is  present,  the 
yellow  coat  of  oxide  of  lead  is  formed,  and  then  the  reddish- 
brown  silver  coat  is  formed  just  outside  of  this.  With  anti- 
mony the  white  coat  of  oxide  of  antimony  is  first  formed, 
which  becomes  red  on  continued  blowing.  With  a  little  of 
both  antimony  and  lead  present,  a  copious  carmine-red  coat 
is  formed  after  the  antimony  and  lead  are  mostly  volatilized. 

The  sulphides,  chlorides,  iodides,  and  bromides  of  potas- 
sium, sodium,  rubidium,  caesium,  and  'lithium  give  less 
copious  white  sublimates,  similar  to  those  of  many  of  the 
foregoing  metals,  while  the  salts  fuse  and  are  absorbed  by 
the  coal.  In  every  case  these  coats  disappear  before  the 
R.  F.,  coloring  it  with  their  characteristic  colors. 


TEST   OP  FUSIBILITY 

61.  Scale  of  Fusibility. — For  arriving  at  the  com- 
parative or  relative  fusibility  of  minerals,  the  following 
scale,  arranged  by  Von  Kobell,  is  employed: 

1.  Stibnitc;  fuses  easily  in  a  candle  flame  in  coarse 
splinters. 

2.  Natrolitc;  fuses  in  the  candle  flame  only  in  fine 
splinters. 

3.  Garnet  (the  red  almandite  variety) ;  fuses  easily  before 
the  blowpipe  in  coarse  splinters. 

4.  Actinolitc;  fuses  with  slight  difficulty  B.  B.  in  coarse 
splinters. 

5.  Orthoclasc;  fuses  B.  B.  only  in  fine  splinters. 

0.  Serpentine;  almost  infusible;  rounded  on  the  edges  in 
very  fine  splinters  (use  a  lens). 

7.      Qnartz;  infusible,  even  on  thinnest  edges. 

In  using  this  scale,  the  hottest,  or  oxidizing,  flame  should 
be  employed,  and  the  thinnest  possible  splinters  of  the 
mineral  tested.  The  splinter  should  be  held  in  the  tip  of 
the  platinum  p(^inted  forceps,  which  are  best  ground  to  a 
sharp,  thin  point,  so  as  to  conduct  away  as  little  heat  as 
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possible.  If  the  substance  decrepitates  so  that  a  splinter  of , 
it  cannot  be  used,  it  should  be  ground  to  a  powder  and 
mixed  with  water  into  a  paste.  It  is  then  spread  out  in  a 
thin  layer  on  the  coal,  and  heated,  slowly  and  gently  at 
first,  and  finally  more  strongly,  until  the  mass  forms  a  thin, 
coherent  plate,  which  can  be  held  in  the  forceps  and  tested 
in  a  pure  O.  F. 

The  various  gradations  of  fusibility  are  expressed  in  deci- 
mals, thus:  B.  B.  beryl  becomes  clouded,  and  fuses  at  5.5; 
which  means  that  in  fusibility  it  is  midway  between  ortho- 
clase  and  serpentine. 


EXAMINATIONS  WITH  THE  AID  OF  REAGENTS 


COIA>RATION  OF  THE  FLAME 

63.  Many  substances  give  characteristic  colorations  to 
the  flame.  A  pure  O.  F.  that  is  entirely  free  from  yellow 
streaks  should  be  used.  Either  take  a  thin  splinter  of  the 
mineral,  as  in  testing  for  fusibility,  or  the  powder  for  this 
test.  In  the  latter  case  make  a  platinum  wire  loop  and  dip 
it  into  pure  water  or  hydrochloric  acid,  then  touch  it  to  the 
powder  and  introduce  it  into  the  flame.  Often  a  mere  trace 
of  mineral,  such  as  will  adhere  to  a  dry  wire,  will  give  much 
better  results  than  a  larger  fragment,  which  is  difficult  to 
get  hot  enough  to  volatilize. 

The  greatest  care  should  be  observed  in  these  tests,  that 
no  foreign  material  adheres  to  the  forceps  or  platinum  wire. 
They  should  be  clean,  and  when  heated  alone  in  the  flame 
should  give  no  coloration.  This  cleaning  is  effected  by  dip- 
ping, while  hot,  into  hydrochloric  acid,  and  then  rinsing 
with  distilled  water.  Drawing  the  wire  through  the  fingers 
or  wetting  with  saliva  is  to  be  avoided,  and  likewise  too 
much  handling  of  the  specimen  to  be  tested.  If  the  speci- 
men is  to  be  powdered,  the  mortar  and  pestle  should  both 
be  thoroughly  washed  before  using. 
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Some  substances  when  heated  alone  in  the  flame  give  ox^^Y 
slight  colorations,  or  none  at  all,  in  which  case  they  ^te 
moistened  with  sulphuric  acid  and  heated  again.     By  t  l^is 
means  the  colorations  of  the  flame,  as  in  the  case  of  ph^^^- 
phoric  and  boric  acids,  become  evident. 


EXAMTNATIOX  WITH  COBALT  SOLUTION 

63.  The  cobalt  test  is  applicable  only  to  those  sub- 
stances that  are  of  a  light  color,  either  before  or  after  igni- 
tion, and  are  infusible,  or  nearly  so. 

If  the  substance  will  absorb  the  solution,  a  splinter  or 
fragment  of  it  is  moistened  with  the  solution,  and  then 
strongly  ignited  in  the  O.  F.  Friable  substances  and  crys- 
talline substances  that  are  too  dense  to  absorb  the  solution, 
are  powdered,  made  into  a  paste  with  water,  and  spread 
upon  the  charcoal.  They  are  then  gradually  heated  until  a 
coherent  crust  is  formed,  which  is  moistened  with  the  solu- 
tion and  ignited  in  the  O.  F.  The  colorations  imparted  to 
the  assay  are  then  closely  observed  in  a  good  light.  The 
various  coats  on  charcoal  may  likewise  be  tested  in  this  way 
by  moistening  with  a  drop  of  the  solution  and  gently  igni- 
ting in  the  O.  F. 

The  colors  thus  obtained  are: 

1.  From  magnesia,  flesh-red. 

2.  From  baryta,  brownish-red. 

3.  From  alumina  and  sihca,  blue. 

4.  From  the  oxides  of  zinc,  green  (yellowish-green) ;  from 
tin  (bluish-green);  titanic  acid  (yellowish-green);  antimonic 
acid  (dirty,  dark  green). 

5.  From  strontia  and  lime,  gray. 

Various  other  elements  give  more  or  less  peculiar  colora- 
tions with  the  cobalt  solution,  but  only  the  colorations  for 
alumina,  magnesia,  zinc,  and  tin  are  to  be  at  all  relied 
on.  This  test  for  alumina  and  magnesia  is  infallible  when 
they  are  in  the  pure  state,  and  also  in  many  of  their  com- 
binations.     Silicates   of   zinc,  on   strong   heating,  give  an 
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ultramarine  blue,  from  the  silica,  instead  of  the  zinc  green. 
The  blue  of  aUimina  is  not  to  be  confounded  with  the  blue  of 
silica.  The  blue  of  the  silica  almost  always  appears  fused 
on  careful  examination,  while  the  blue  of  alumina  is  dulh 
The  blue  of  the  silica  also  appears  only  after  intense  igni- 
tion^  and  it  is  therefore  well  if,  after  moderate  heating,  the 
substance  shows  no  blue,  to  discontinue  the  heating  before 
fusion. 


ROASTING 

64,  When  borax  and  salt  of  phosphorus  are  fused  with 
certain  metallic  oxides,  they  exert  a  powerful  solvent  actiun 
upon  them,  and  highly  colored  glasses  are  formed  which  are 
eiceedingly  characteristic. 

It  is  essential,  in  the  bead  tests,  when  the  preliminary 
examination  of  the  substance  has  shown  the  presence  of 
sulphur  or  arsenic,  that  these  elements  be  removed,  as  they 
interfere  with  the  reactions.  This  is  effected  by  roasting, 
which  is  conducted  in  the  following  manner: 

The  finely  pulverized  material  is  placed  in  a  shallow  cav- 
ity on  charcoal  and  pressed  flat  with  a  knife  blade,  forming 
ra  thin  layer.  The  assay  is  then  treated  with  a  feeble  O,  F. 
|p  that  only  the  tip  of  the  flame  touches  it.  It  is  thus  heated 
and  kept  for  some  time  at  a  low,  red  heat,  during  which 
operation  most  of  the  sulphur  is  volatilized  as  sulphur 
dioxide,  SO^,  and  the  metals  are  oxidized*  This  sulphur 
dioxide  has  a  tendency  to  change  into  sulphiiric  oxide  at  the 
expense  of  the  already  forming  metallic  oxides,  and  these 
are  converted  into  sulphates,  and  if  arsenic  be  present^  into 
arsenates.  When,  therefore,  the  odor  of  sulphur  dioxide 
bas  disappeared,  the  assay  is  treated  to  a  feeble  R.  F.»  which, 
for  the  most  part,  reduces  the  sulphates  and  arsenates  thus 
formed,  and  the  arsenic  is  more  or  less  completely  volatil- 
ised. When  the  arsenical  odor  is  no  longer  apparent,  a 
feeble  O,  F.  is  again  used,  which  generally  causes  a  slight 
odor  of  sulphur  dioxide.  The  assay  that  is  thus  baked 
together,  but  not  fused,  is  turned  with  a  knife  blade,  and  the 
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other  side  treated  alternately  to  the  O.  F.  and  R.  F.  in  the' 
same  way.  The  coherent  mass,  after  this  treatment,  is 
removed  and  powdered  in  a  mortar,  and  since  it  is  not 
entirely  free  from  sulphates  and  arsenates,  and,  if  it  has  not 
been  carefully  roasted,  may  even  contain  slight  quantities 
of  sulphides  and  arsenides,  it  is  replaced  on  the  charcoal, 
and  subjected  to  still  further  roasting. 

If  the  assay  fuses,  it  must  be  removed  from  the  coal, 
powdered  in  a  mortar,  and  then  replaced  on  the  coal  and 
roasted. 

Substances  containing  selenium,  tellurium,  and  antimony, 
if  free  from  sulphur  and  arsenic,  usually  need  not  be  roasted, 
since  these  elements  do  not  interfere  with  the  reactions. 


FUSION  WITH  BORAX 

66.  In  tlie  O.  F. — A  clean  platinum  wire,  in  one  end  of 
which  a  small  loop  has  been  made,  is  heated  to  redness  and 
the  loop  dipped  in  borax  powder.  The  borax  that  will 
adhere  is  then  heated  until  it  fuses  to  a  transparent,  color- 
less bead.  This  bead,  while  still  hot,  is  brought  in  contact 
with  a  very  small  quantity  of  the  substance  to  be  tested, 
and  heated  before  the  blowpipe  in  the  O.  F. 

The  phenomena  attending  the  solution  of  the  substance  in 
the  borax  must  be  closely  observed,  whether  it  dissolves 
slowly  or  rapidly,  quietly  or  with  effervescence;  and  when 
the  solution  is  effected,  the  color  of  the  bead  must  be  care- 
fully noted  while  hot  (not  red  hot,  but  still  soft  and  pasty), 
while  cooling,  and  when  cold,  as  well  as  whether  its  trans- 
parency is  disturbed  on  cooling.  The  bead  is  held  before 
the  eyes  against  the  light.  A  lamp  light  will  not  do,  as  the 
colors  are  greatly  modified,  and  the  experiments  must  be 
conducted  in  the  daytime. 

The  intensity  of  the  colors  depends  on  the  degree  of  satu- 
ration of  the  bead.  It  is  well  at  first  to  use  the  smallest 
possible  quantities  of  the  substances  to  be  tested,  and 
afterwards  increase    them   by  successive  additions  jintil  a 
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satisfactory  degree  of  saturation  is  obtained.  If  too  much 
of  the  substance  has  been  used,  and  the  bead  is  so 
deeply  colored  that  it  is  difficult  to  decide  what  color  it 
has,  it  may  be  flattened,  while  still  hot  or  pasty,  on  an 
anvil  with  the  butt  end  of  the  blowpipe;  or  a  portion  of 
the  bead  may  be.  thrown  off  the  wire  by  a  sudden  jerk, 
and  the  remaining  portion  diluted  with  more  borax.  If 
the  operator  is  in  doubt  as  to  the  color,  the  bead  should  be 
viewed  through  a  lens,  and  compared  with  beads  of  known 
color.  In  fact,  this  is  the  only  resource  for  those  who  are 
at  all  color  blind. 

66.  In  tlie  R.  F. — After  the  phenomena  in  the  O.  F. 
are  carefully  noted,  the  bead  is  brought  into  the  R.  F.  and 
observed  as  before.  The  flame  should  be  so  managed  that 
no  soot  is  deposited  upon  the  bead.  Sometimes  it  is  found 
necessary  to  add  a  little  more  of  the  substance  to  the  assay. 
When  metallic  oxides  and  acids  that  are  not  easily  reduced 
with  borax,  as  the  oxides  of  manganese,  iron,  uranium, 
chromium,  cobalt,  and  titanic  and  tungstic  acids  are 
present,  the  bead  may  be  treated  on  platinum  wire;  but 
when  easily  reducible  oxides  are  present,  as  those  of  zinc, 
nickel,  cadmiuni,  lead,  etc.,  the  wire  would  be  injured, 
therefore  the  bead  must  be  shaken  off  after  treatment  in 
the  O.  F.  on  platinum,  and  treated  in  the  R.  F.  on  charcoal. 
After  blowing  1  or  2  minutes,  the  bead  is  pinched  with  the 
forceps,  and  drawn  out  so  that  its  color  can  be  distinctly 
observed. 

The  reductions  in  the  borax  bead  on  charcoal  are  some- 
times more  easily  obtained  by  placing  in  contact  with  the 
bead  a  piece  of  metallic  tin,  about  as  large  as  a  pin  head.  The 
tin  has  a  great  affinity  for  oxygen  and  partly  absorbs  the  oxy- 
gen from  the  metallic  oxides  in  the  glass,  dissolving  itself  to 
a  colorless  bead,  while  the  oxides  in  the  glass  are  reduced 
and  produce  their  characteristic  colors. 

67.  Flamlniar. — The  alkaline  earths  (oxides  of  barium, 
strontium,  calcium,  magnesium)  and  some  other  substances 
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dissolve  in  borax  and  form  beads  that,  when  almost  satu- 
rated, are  colorless  while  hot  and  when  cold,  but  when  heated 
slowly  and  gently,  especially  with  an  intermittent  redu- 
cing flame,  or  alternately  with  the  O.  F.  and  R.  F., 
become  opaque  and  enamel-like.  This  operation  is  called 
flaming:. 

Most  substances  that,  at  a  certain  degree  of  saturation, 
become  opaque  by  flaming,  do  so  without  flaming  when  the 
saturation  is  carried  a  little  further. 


FUSION  WITH  8AL.T  OF  PHOSPHORUS 

68.  The  general  rules  for  fusion  with  borax  are  appli- 
cable to  fusion  wltli  tlie  salt  of  phosphorus.  It  is  diffi- 
cult to  make  a  good  bead  with  salt  of  phosphorus,  owing  to 
the  fact  that  it  boils  violently  while  its  water  of  crystalliza- 
tion and  ammonia  are  passing  off.  It  is  advisable  to  melt 
salt  of  phosphorus  on  the  platinum  wire  very  gradually, 
using  a  small  quantity  at  first  and  making  successive  addi- 
tions until  a  good  bead  has  been  formed. 

Silica  can  be  easily  recognized  in  this  bead,  since  silicates 
are  but  very  slightly  soluble  in  salt  of  phosphorus.  The 
silica  separates  from  the  metals  with  which  it  is  combined 
and  which  are  themselves  dissolved  in  the  bead,  and  floats 
about  in  the  fused  glass  in  the  form  of  a  white  gelatinous 
skeleton. 

The  colors  produced  in  the  salt  of  phosphorus  beads  are 
generally  about  the  same  as  those  produced  in  borax  by  the 
same  substances,  but  in  some  cases  there  are  characteristic 
differences. 

69.  Importance  of  Bead  Tests. — The  bead  tests  for 
iron,  manganese,  chromium,  copper,  cobalt,  nickel,  titanium, 
tungsten,  molybdenum,  uranium,  vanadium,  cerium,  and 
didymium  are  of  themselves  distinctive  and  characteristic 
of  the  elements,  but  the  other  bead  tests  are  of  little  impor- 
tance, except  occasionally  as  confirmatory  tests. 
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REDirC^TION  OF  MBTALI.IC  OKIDZS  WITH  SODA 

70t  Retluellile  Oxides, — Many  oxides  can  be  reduced 
to  the  metallic  state  on  coal  with  the  aid  of  soda,  which 
could  not  be  reduced  without  it. 

The  best  way  to  conduct  the  experimein  is  to  powder  the 
substance  in  a  mortar  and  mix  with  moistened  soda.  The 
coherent  mass  is  then  put  into  a  cavity  in  the  coal  and 
treated  to  the  R.  F. 

The  metals  that  are  reducible  from  their  compounds  with 

a    as  above  are  gold,    stiver,    molybdenum,    tungsten, 

antimony,  tellurium,  copper,  bismuth,  tin,  lead,  zinc,  indium, 

cadmium,  nickel,  cobalt,  and  iron.     Arsenic  and   mercury 

are  also  reduced,  but  are  immediately  volatilized. 

Neutral  oxalate  of  potassium,  K^C^O^,  or  cyanide  of  potas- 
sium,  KCN,  may  be  advantageously  substituted  for  soda 
when  treating  oxides  that  are  reduced  with  great  difficulty. 
The  cyanide  has  the  disadvantage  of  spreading  over  the 
coal  and  scattering  the  metallic  particles.  These  fluxes  are 
both  serviceable  when  the  reduction  is  conducted  in  a 
matrass. 

71#  Kon-Beclnelbl©  Oxides, — Many  oxides  cannot  be 
reduced  to  the  metallic  state  by  soda^  but  form  with  it  more 
or  less  fusible  compounds.  Silicon  dioxide,  titanium  diox- 
ide, tungsten  trioxide,  molybdenum  trioxide,  etc.,  form 
fusible  compiunds,  and  so  do  salts  of  barium  and  strontium. 
The  compounds  formed  by  barium  and  strontium  sink  into 
the  coal.  Calcium  salts  are  decomposed,  and  the  soda  sinks 
into  the  coal,  leaving  the  calcium  oxide  behind. 

72t  The  llalogrens-— A  few  elements  that  are  of  decided 
interest,  as  they  form  a  very  important  set  of  compounds, 
are  the  kaloRens— bromine,  chlorine,  fluorine,  and  iodine* 

Brcmine. — When  bromides  are  added  to  a  salt  of  phos- 
phorus bead  that  has  previously  been  saturated  with  oxide 
of  copper,  and  then  ignited,  the  bead  is  surrounded  with 
a  beautiful  halo  of  blue  flame,  inclining  to  green  on  the 
edges,  and  this  continues  as  long  as  the  bromine  remains. 
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As  this  reaction  may  be  confounded  with  those  given  for 
chlorine,  another  test  is  recommended.  The  substance 
is  fused  with  dry  potassium-acid  sulphate  in  a  glass 
matrass,  when  bromine  and  sulphur  dioxide  are  liberated, 
and  the  matrass  becomes  filled  with  heavy  brown  fumes. 
The  bromine  is  recognized  by  the  extremely  suffocating 
odor,  or  by  exposing  moistened  starched  paper  to  these 
vapors,  which  turn  it  yellow. 

Chlorine. — Chlorides,  like  bromides,  may  be  detected,  by 
adding  them  to  a  salt-of -phosphorus  bead  previously  satu- 
rated with  oxide  of  copper,  and  igniting.  The  bead  is 
instantly  surrounded  by  an  intense  azure-blue  flame  without 
any  tinge  of  green. 

Fluorine. — Substances  containing  fluorine,  when  heated  in 
a  glass  tube  with  potassium-acid  sulphate,  give  off  hydro- 
fluoric acid,  which  etches  the  tube  immediately  above 
the  assay,  and  imparts  to  a .  strip  of  moistened  Brazil- 
wood paper,  placed  on  the  end  of  the  tube,  a  straw-yellow 
color. 

Iodine. — Iodides  added  to  a  salt-of-phosphorus  bead,  pre- 
viously saturated  with  oxide  of  copper,  tinge  the  outer  flame 
an  intense  emerald-green.  Like  bromides,  they  also  are 
decomposed  by  fusion  with  potassium-acid  sulphate,  free 
iodine  being  liberated,  which  may  be  distinguished  by  its 
violet  color  and  disagreeable  odor. 

73.  Nitrates. — When  nitrates  are  fused  in  a  glass  tube 
with  potassium-acid  sulphate,  dark  reddish-yellow  fumes  of 
oxides  of  nitrogen  are  liberated.  The  color  is  best  observed 
by  looking  into  the  tube. 

74.  Sulphuric  Add. — The  presence  of  sulphates  may 
be  detected  by  fusing  the  substance  with  pure  soda,  then 
placing  the  fused  assay  on  a  silver  coin  and  moistening  with 
pure  water.  If  sulphuric  acid  was  present  in  the  substance, 
it  was  converted  in  the  fusion  to  sulphide  of  sodium,  and 
this  substance  leaves  a  dark-brownish  or  black  stain  on  the 
bright  surface  of  the  silver. 
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76.  Water. — The  presence  of  moisture  (either  hygro- 
scopic moisture  or  water  of  crystallization)  may  be  detected 
by  heating  the  assay  in  a  matrass  or  closed  tube.  The 
water  given  off  condenses  in  the  cooler  portions  of  the  tube. 


DETERMINATION  OF  GOLD  AND  SILVER  IN  ORES 

76.  Occasionally  ores  are  rich  in  gold  and  silver,  and 
these  metals  can  be  determined  ,by  the  blowpipe,  but 
as  a  rule  the  ores  are  of  comparatively  low  grade,  and 
the  amount  that  could  ordinarily  be  treated  before  the 
blowpipe  would  not  be  sufficient  for  the  isolation  of  the 
precious  metals.  On  this  account,  one  of  two  methods 
must  be  followed.  If  the  ore  is  free  milling  it  may  be 
amalgamated,  while  if  it  is  a  concentrating  ore  it  may  be 
concentrated  in  the  gold  pan.  In  either  case,  the  sample, 
which  may  weigh  several  pounds,  should  be  crushed  fine  in 
a  mortar,  so  as  to  set  the  valuable  materials  free. 

77.  In  the  amal^ramation  test  the  sample  is  placed  in 
the  gold  pan  with  sufficient  water  to  saturate  and  cover  the 
ore.  After  this  a  small  amount  of  mercury  is  added,  and  the 
material  vanned  or  panned  in  such  a  manner  as  to  carry 
the  pulp  around  and  around  over  the  mercury,  or  in  some 
cases  the  pulp  is  worked  comparatively  stiff  and  the  mercury 
worked  back  and  forth  through  the  mass,  either  with  a 
spatula  or  by  hand.  After  the  ore  has  been  thoroughly 
exposed  to  the  amalgam,  the  waste  material  or  gangue  is 
washed  away  and  the  amalgam  collected. 

The  excess  of  mercury  is  squeezed  from  the  amalgam  by 
passing  it  through  buckskin.  The  small  piece  of  the  amal- 
gam so  obtained  can  be  placed  on  charcoal,  heated  before 
the  blowpipe,  thus  volatilizing  the  mercury  and  leaving  a 
small  piece  of  the  precious  metals,  which  can  be  melted  down 
to  a  bead  or  button. 

78.  In  the  concentration  test  the  ore  is  washed  as  in  ordi- 
nary panning,  and  the  rich  mineral  collected  as  concentrates. 
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It  is  best  to  employ  two  pans,  and  to  wash  from  one 
to  the  other,  each  time  obtaining  a  small  amount  of  con- 
centrates, which  are  laid  to  one  side.  After  the  concentra- 
tion has  been  carried  as  far  as  it  is  considered  necessary,  the 
concentrates  may  be  dried,  placed  on  charcoal,  and  any 
arsenic  or  antimony  driven  off  by  roasting  them  before  the 
blowpipe.  The  roasted  concentrates  are  mixed  with  soda 
and  metallic  lead.  The  soda  acts  as  a  flux  in  melting  the 
minerals  and  the  lead  takes  up  any  gold  or  silver  they  may 
contain.  The  lead  button  obtained  in  this  manner  must  be 
cupelled  in  order  to  separate  the  lead  from  the  gold  or  silver. 
As  has  already  been  stated,  cupels  are  made  from  bone  ash, 
but  in  case  the  prospector  has  neither  bone  ash  nor  a  cupel 
mold,  he  may  accomplish  the  desired  results  by  burning  a 
few  bones  in  his  camp  fire,  then  pounding  them  to  a  fine 
powder,  adding  a  little  water,  and  pressing  the  mass  into  a 
small  cupel  on  a  block  of  dry  wood  or  in  a  spoon  or  thimble. 
When  cupelling  the  lead  button,  it  must  be  heated  with  an 
oxidizing  flame,  which  action  results  in  the  formation  of 
lead  oxide,  part  of  which  is  absorbed  by  the  bone  ash  and 
part  of  which  is  volatilized.  When  all  the  lead  has  been 
oxidized,  the  precious  metals  will  remain  as  a  small  bead. 
Just  before  the  last  of  the  lead  is  driven  out,  the  bead  will 
appear  as  though  it  were  spinning  rapidly,  and  be  covered 
with  a  thin  film  of  oxide.  At  the  moment  the  last  of  the 
oxide  disappears,  the  bead  will  appear  to  brighten,  and  after 
this  will  not  appear  to  be  spinning. 

79,  Pai-tliigr. — If  it  is  desired  to  separate  the  gold  and 
silver  in  the  bead,  it  may  be  accomplished  by  dissolving  out 
the  silver  with  nitric  acid  (providing  there  is  2J  times  as 
much  silver  present  as  there  is  gold).  Strong  nitric  acid 
diluted  with  an  equal  amount  of  water  answers  this  purpose 
very  well.  The  bead  is  dropped  into  the  acid,  and  after  the 
first  evolution  of  gas  ceases  the  acid  is  boiled.  The  acid  is 
then  poured  off  and  a  fresh  supply  added,  and  the  bead  once 
more  boiled.  Any  gold  will  remain  behind  as  black  specks, 
or  as  a  black  skeleton  of  the  bead.     In  case  there  is  more 
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gold  than  silver,  it  will  be  necessary  to  add  some  silver  to 
the  bead  before  it  can  be  parted.  After  the  silver  has  all 
been  dissolved,  the  gold  that  remains  should  be  washed  with 
clean  water  (preferably  distilled  water)  and  then  heated  to 
a  red  heat,  which  will  restore  the  ordinary  yellow  color  to 
the  metal.  If  there  is  enough  gold  present,  it  may  be 
melted  down  into  a  bead  before  the  blowpipe.  If  the  water 
or  the  acid  used  gives  a  white  precipitate  with  silver  nitrate 
solution,  chlorine  is  present,  and  they  are  not  fit  for  parting. 


QUAIilTATITE  TESTS  FOR  ELEMENTS   OCCURRING 
IN  MINERAX.8 

80.  Introduction. — With  the  exception  of  very  rare 
elements,  the  qualitative  tests  are  given  in  the  following 
pages  so  that  the  student  can  refer  to  them  while  making 
mineral  determinations.  The  elements  are  taken  up  in 
alphabetical  order,  and  the  common  tests  both  by  dry  and 
wet  methods  described. 


ALUMFNTTM 

81.  Blowpipe  Tests.  —  With  soda,  aluminum,  /I/, 
swells  and  forms  an  infusible  compound. 

With  borax  or  salt  of  phosphorus,  S.  Ph.,  it  gives  a  clear 
or  cloudy  bead  that  is  never  opaque. 

W^ith  cobalt  solution,  a  fine  bhie  color  is  obtained  when 
the  mineral  becomes  cold.  (Some  phosphates,  borates, 
and  fusible  silicates  become  blue  in  the  absence  of  alumina, 
for  instance  silicates  of  zinc,  and  cobalt  oxide  may  impart 
to  any  fused  material  a  blue  color.) 

82.  Wet  Test. — Ammonia,  when  added  in  slight  excess 
to  an  acid  solution  containing  aluminum,  precipitates  gelati- 
nous aluminum  hydroxide,  but  other  substances  give  gelat- 
inous precipitates,  hence  collect  the  precipitate  on  filter 
paper,  transfer  some  of  it  to  a  test  tube,  and  add  potassium 
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hydroxide,  which  should  completely  dissolve  the  precipitate 
if  it  is  aluminum  hydroxide. 

Basic  acetate  of  aluminum  is  precipitated  by  the  addition 
of  sodium  acetate  to  warm  and  slightly  acid  solutions. 

Confirm  wet  tests  by  blowpipe  tests. 


ANTIMONT 

83,  Blowpipe  Tests. — On  charcoal  in  the  R.  F.,  anti- 
mony, S/?,  gives  a  volatile  white  coat,  bluish  in  thin  layers, 
that  continues  to  form  after  cessation  of  blast.  This  coat 
may  be  further  tested  by  5.  PA.  or  flame. 

With  bismuth  flux  on  plaster,  a  somewhat  mottled  peach- 
red  coat,  which  may  be  made  orange  by  ammonium  sulphide, 
is  obtained.  On  charcoal  with  bismuth  flux,  antimony  gives 
a  faint  yellow  or  red  coat. 

In  the  open  tube,  a  dense,  white,  non-volatile,  amorphous 
sublimate  is  formed;  the  sulphide  stibnite  if  too  rapidly 
heated  will  yield  spots  of  red. 

In  the  closed  tube,  the  oxide  will  yiel.d  a  white  fusible 
sublimate  of  necdlelike  crystals;  the  sulphide  yields  a  black 
sublimate  while  hot,  red  when  cold. 

The  flame  should  be  pale  yellow-green. 

With  5.  /V/.,  antimony  dissolved  in  the  O.  F.  and  treated 
on  charcoal  with  tin  in  R.  F.  becomes  gray  to  black. 

84,  InterforInK  lUements. — Arsenic,  which  may  be 
removed  by  gentle  ().  F.  on  coal.  Arsenic  ivith  sulphur  is 
removed  by  gently  heating  in  closed  tube.  Copper  in  S,  P/i. 
bead  with  tin  in  R.  F.  may  be  momentarily  red  but  will 
blacken.  Lead  and  bismuth  retard  the  formation  of  anti- 
mony coats,  but  this  may  be  overcome  by  intermittent  blow- 
ing or  by  the  addition  of  boracic  acid.  Confirm  this  coat 
by  flame  and  not  by  S.  Ph. 

85,  Wet  Tests. — Hydrogen  sulphide  precipitates  orange- 
red  antimonous  sulphide  from  acid  solutions  containing  anti- 
mony. The  precipitate  is  soluble  in  strong  hydrochloric 
acid,  in  alkalies,  and  in  alkaline  sulphides. 


§34  BLOWPIPING  46 

Hydrogen  sulphide  precipitates  orange  antimonic  sulphide 
from  acid  solutions  containing  antimony.  The  precipitate 
is  soluble  in  hydrochloric  acid,  in  alkalies,  and  alkaline  sul- 
phides. 

To  distinguish  between  antimonous  and  antimonic  sul- 
phides, add  a  solution  of  silver  nitrate  in  the  presence  of 
potassium  hydroxide  or  sodium  hydroxide.  If  antimonous 
sulphide  is  present,  a  black  precipitate  will  be  formed  that  is 
insoluble  in  ammonia;  on  the  other  hand,  if  antimonic  sul- 
phide is  present  a  white  precipitate  will  be  deposited  on  the 
addition  of  silver  nitrate,  and  this  is  not  soluble  in  ammonia. 

Stibnite  effervesces  with  HCl  and  when  water  is  added 
gives  an  orange  precipitate. 


ARSENIC 

86.  Dry  Tests. — On  smoked  plaster,  a  white  coat  of 
octahedral  crystals  is  obtained  from  arsenic,  As, 

On  charcoal,  a  very  volatile  white  coat  and  strong  garlic 
odor  is  produced.  The  oxide  should  be  mixed  with  soda  to 
reduce  it  before  the  garlic  odor  will  be  prominent.  The 
sublimate  will  deposit  at  an  appreciable  distance  from  the 
assay. 

With  bismuth  flux,  on  plaster,  a  reddish-orange  coat  forms 
that  may  be  made  yellow  by  ammonium  sulphide. 

In  the  open  tube,  white  sublimate  of  octahedral  crystals 
is  obtained;  too  high  a  heat  may  form  brown  suboxide  or 
red  or  yellow  sulphide  of  arsenic. 

In  the  closed  tube  one  may  obtain  white  oxide,  yellow  or 
red  sulphide,  or  a  black  mirror  of  metal.  If  a  piece  of  char- 
coal is  placed  above  the  assay  the  oxide  will  be  reduced  in 
passing  the  hot  coal  and  an  arsenical  mirror  will  be  formed. 
This  mirror  will  dissolve  in  sodium  hypochlorite  solution. 
The  flame  is  a  pale  azure-blue. 

87,  Interferinjjf  Elements. — Antimony :  Heat  the  sub- 
stance in  a  closed  tube  with  soda  and  charcoal;  treat  result- 
ing mirror  in  oxidizing  flame  for  garlic  odor.  Cobalt  or 
Xickel :    Fuse  in  O.  F.  with  lead  and  recognize  arsenic  by 
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garlic  odor.  Sulphur:  (a)  Red  or  yellow  sublimate  of 
arsenic  in  closed  tube.  (V)  Odor  of  arsenic  when  fused  with 
soda  on  coal. 

88.  Wet  Tests. — Hydrogen  sulphide  precipitates  yellow 
arsenious  sulphide  from  HCl  solutions.  This  is  soluble  in 
alkalies  and  alkaline  sulphides. 

Hydrogen  sulphide  gas  precipitates  arsenic  sulphide  from 
acid  solutions  after  heating  the  solution  and  passing  the  gas 
through  it  for  some  time. 

Silver  nitrate  precipitates  yellow  silver  arsenite,  or  reddish- 
brown  silver  arsenate  soluble  in  dilute  acids,  ammonia,  and 
ammonia  salts.  % 

Copper  sulphate  precipitates  yellowish-green  copper 
arsenite,  Cu^^AsO^^,  or  greenish-blue  copper  acid  arse- 
nate, CuHAsO ^,  soluble  in  ammonia,  or  ammonium  chloride. 

Ammonium  magnesia  mixture  precipitates  white  ammo- 
nium magnesium  arsenate,  MgNH^AsO^, 


BARIUM 

89.  Blowpipe  Tests.  —  On  charcoal  with  soda,  bar- 
ium, Ba^  fuses  and  sinks  into  the  coal.  The  flame  is 
yellowish-green,  improved  by  moistening  with  hydro- 
chloric acid. 

With  borax  or  5.  /%.,  clear  and  colorless  beads  that  can  be 
flamed  opaque  white  are  obtained. 

With  the  exception  of  silicates  and  phosphates,  barium 
minerals  become  alkaline  upon  intense  ignition  before  the 
blowpipe;  if  then  they  are  placed  upon  moistened  turmeric 
paper  they  will  turn  it  brown.  Other  alkaline  earths  also 
give  the  same  reaction. 

90.  Wet  Tests.  —  Alkali  carbonates  precipitate  from 
barium  solutions  white  barium  carbonate  soluble  in  hydro- 
chloric and  nitric  acids. 

Soluble  sulphates  and  sulphuric  acid  precipitate  white 
barium  sulphate  from  barium  solutions,  which  is  practically 
insoluble  in  water  or  dilute  acids. 
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BisanjTH 

91.  Bry  Tests.— On  charcoal  in  either  flame,  blsmutb, 
Bt\  is  reduced  to  a  brittle  metal  and  yields  a  volatile  coat; 
dark  orange-yellow  while  hot;  lemon-yellow  when  cold, 
with  yellowish -white  border. 

With  bismuth  flux  on  plaster,  a  bright  scarlet  coat  sur- 
rounded by  chocolate-brown  with  sometimes  a  reddish 
border  is  obtained.  The  brown  may  be  made  red  by 
ammonia. 

With  bismuth  flux  on  charcoal,  a  bright  red  coat  is 
formed,  with  sometimes  an  inner  fringe  of  yellow. 

With  S,  Ph,  dissolved  in  O.  F.  and  treated  on  coal  with 
tin  in  R*  F.  a  bismuth  assay  is  colorless  while  hot,  but 
blackish-gray  and  opaque  when  cold. 

The  reactions  on  coal  are  quite  similar  to  those  of  lead 
but  may  be  distinguished  frum  the  latter  by  mixing  the 
powdered  mineral  with  3  or  4  times  its  volume  of  potassium 
iodide  and  sulphur,  when  with  a  small  oxidizing  flame  a 
yellow  coat  is  produced  near  the  assay  with  a  brilliant  red 
at  its  outer  edges. 

92*  Interfertnfif  TA^mentB.  -^  Afitimany :  Treat  the 
mineral  on  coal  with  boracic  acid,  and  the  resulting 
slag  on  plaster  with  bismuth  flux.  Lead:  Dissolve  coat 
in  S.  Ph. 


93,  Wet  Test**.  —  Hydrogen  sulphide  or  ammonium 
sulphide  precipitates  brownish -black  bismuth  sulphide 
insoluble  in  dilute  acids  but  soluble  in  strong  nitric 
acid. 

Water  precipitates  white  bismuth  ox y chloride  from  a 
solution 'of  bismuth  chloride.  This  may  be  collected  on  a 
filter  and  tested  with  bismuth  flux.  It  is  soluble  in  HCl 
and  HNO^. 

Stannous  chloride  in  the  presence  of  sodium  or  potassium 
hydroxides  will  precipitate  black  bismuth  oxide  from 
solutions.     Confirm  these  tests  by  the  blowpipe^ 


48  BLOWPIPING  S  34 


BORON 

94.  Dry  Tests. — All  borates  intumesce  and  fuse  to  a 
bead.  A  yellowish-green  flame  is  obtained  from  boron,  5, 
minerals  that  may  be  intensified  by  moistening  with  sul- 
phuric acid,  or  by  mixing  to  a  paste  with  sulphuric  acid  and 
ammonium  fluoride.  Boracic  acid  flux  (4^  parts  of  potas- 
sium-acid sulphate  and  1  part  calcium  fluoride)  made  into  a 
paste  with  the  mineral  will  intensify  the  flame. 

96.  Turmeric  Paper  Tests. — If  this  paper  is  moistened 
with  a  dilute  HCl  solution  containing  boron  and  then  dried 
at  212°  F..,  it  assumes  a  reddish-brown  color,  which  is 
changed  to  inky  black  by  moistening  with  ammonia. 

96.  Wet  Tests. — Barium  chloride  and  calcium  chloride 
precipitate  white  barium  borate  and  calcium  borate  from 
solutions. 

Silver  nitrate  precipitates  white  silver  borate. 


BROMINE 


97.  Blowpipe  Tests.  —  With  S.  /%.  saturated  with 
cupric  oxide,  CuO,  treated  at  the  tip  of  the  blue  flame,  the 
bead  will  be  surrounded  by  a  greenish-blue  flame  if  bro- 
mine, Br^  is  present. 

In  matrass  with  acid  potassium  sulphate,  KHSO^y  sl  brown 
choking  vapor  is  evolved. 

98.  Wet  Tests.  —  Brotnine  sometimes  occurs  in  salt 
brine,  and  after  the  salt  has  been  crystallized  out,  the 
bittern,  as  the  mother  liquor  is  called,  contains  magnesium 
bromide.     Bromine  salts  are  mostly  soluble  in  water. 

Silver  nitrate  precipitates  yellowish-white  silver  bromide. 

Silver  bromide  when  heated  in  a  closed  tube  with  galena 
yields  a  sublimate  of  lead  bromide,  sulphur-yellow  when  hot, 
and  white  when  cold. 
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99.  Interfering:  Elements. — Silver :  The  bromide  melts 
in  KHSO^  and  forms  a  blood-red  globule,  which  cools 
yellow  and  becomes  green  in  the  sunlight. 


CADMIUM 

lOO.     Dry  Tests. — On  charcoal  in  the  R.  F. ,  cadmium, 

Ciiy  produces  a  dark-brown  coat,  greenish-yellow  in  thin 
layers.  Beyond  the  coat,  at  first  part  of  operation,  the  coal 
has  a  variegated  appearance. 

On  smoked  plaster  with  bismuth  flux,  a  white  coat  is 
obtained  that  may  be  made  orange  by  ammonium  sulphide. 

Borax  or  5.  Ph,  O.  F.  gives  a  clear  yellow  bead  while  hot, 
colorless  when  cold,  but  the  bead  can  be  flamed  milk-white. 
The  hot  bead  touched  to  thiosulphate,  Na^S^O^,  becomes 
yellow.     R.  F.  becomes  slowly  colorless. 

10 !•  Interfering:  Elements. — Lead^  Zinc^  Bismuth: 
Collect  the  coat  of  the  cadmium  mineral,  mix  with  charcoal 
dust,  and  heat  gently  in  a  closed  tube.  Cadmium  will  yield 
either  a  reddish-brown  ring  or  a  metallic  mirror.  Before 
collecting  the  coat,  treat  it  with  O.  F.  to  remove  arsenic. 

103.  Wet  Tests. — Dissolve  the  mineral  in  nitric  acid, 
add  a  little  sulphuric  acid,  and  heat  until  the  dark-brown 
nitric  fumes  disappear.     Dilute  with  water. 

Hydrogen  sulphide  will  precipitate  yellow  cadmium  sul- 
phide that  is  insoluble  in  dilute  acids,  alkalies,  alkaline 
sulphides,  or  cyanides,  but  soluble  in  strong  hot  HCl^  HNO^y 
and  HJSO^,  The  precipitate  mixed  with  soda  and  heated 
on  charcoal  will  give  the  cadmium  coat  for  confirmation. 

Zinc  will  precipitate  gray  cadmium  from  acid  andammoni- 
acal  solutions. 

Potassium  hydroxide  and  sodium  hydroxide  will  precipitate 
cadmium  hydroxide,  Cd{OH)^,  insoluble  in  excess;  while 
ammonia  gives  a  similar  white  precipitate  that  is  soluble  in 
excess. 

154— ft 
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CALCIUM 

103.  Dry  Tests. — On  charcoal  with  soda;  Calcium 
carbonate,  CaCO^^  is  insoluble  and  not  absorbed  by 
the  coal.  The  flame  is  yellowish-red  and  is  increased  in 
intensity  by  moistening  with  HCL  Borax  or  S,  Ph,  gives 
a  clear  and  colorless  bead  that  can  be  flamed  opaque. 

Calcium  minerals,  with  the  exception  of  silicates,  phos- 
phates, and  borates,  become  alkaline  upon  ignition.  If 
then  placed  on  moistened  turmeric  paper,  they  will  give  an 
alkaline  reaction.  Other  alkaline  earths  will  give  a  similar 
reaction. 

104.  Wet  Tests.  —  Sulphuric  acid  precipitates  white 
calcium  sulphate  soluble  in  a  concentrated  solution  of 
ammonium  sulphate,  thus  distinguishing  it  from  barium 
and  strontium. 

Alkaline  arsenites  precipitate  calcium  acid  arsenites 
soluble  in  acids  and  ammonia  water.  Barium,  strontium, 
and  magnesium  give  this  precipitate  only  in  concentrated 
solutions  when  ammonium  salts  must  be  absent.  This 
precipitate  may  be  confirmed  by  the  blowpipe  test. 


CAllBON  DIOXIDE 

105.  Heat  a  carbonate  with  dilute  nitric  acid,  and 
carlK>n  dioxide,  CO^,  will  be  given  off  with  effervescence. 
Pass  the  gas  through  lime  water.  A  white  precipitate  indi- 
cates carbon  dioxide.  After  borax  or  .S\  Ph.  has  been  fused 
to  a  clear  bead,  the  addition  of  a  carbonate  will  cause 
effervescence  during  further  fusion. 


CnLOllINE 

106.  Dry  Tests. — Chlorine  minerals  treated  with  5.  Ph. 
saturated  with  cupric  oxide,  CuO,  and  the  bead  then  placed 
in  the  tip  of  the  blue-lamp  flame,  will  give  it  an  intense 
azure  blue  color. 


§  34  BLOWPIPING  61 

To  test  on  charcoal,  grind  the  mineral  with  cupric 
oxide,  CtiO^  and  with  a  drop  of  H^SC\  spread  the  paste  on 
coal,  dry  gently  in  Q.  F.,  and  treat  with  blue  flame,'' which 
will  be  colored  greenish-blue,  then  azure-blue. 

Mix  with  the  mineral  4  times  its  volume  of  potassium-acid 
sulphate  and  a  little  manganese  dioxide ;  heat  the  mixture  in 
a  small  test  tube,  When  chlorine  gas  will  be  given  off,  which 
will  bleach  litmus  paper.  Silver  chloride  or  a  silicate  should 
be  fused  with  sodium  carbonate  and  then  treated. 

107.  Wet  Tests. — Silver  chloride  is  quite  insoluble  in 
water  and  dilute  nitric  acid.  Dissolve  a  chloride  in  dilute 
HNO^,  add  silver  nitrate,  and  white  silver  chloride  will  be 
precipitated.  This  precipitate  is  soluble  in  ammonium 
hydrate  and  may  be  reprecipitated  by  neutralizing  with 
nitric  acid. 


CHROMIUM 

108.  Dry  Tests.— With  borax  or  S.  Ph.  in  the  O.  F., 
ehromluTn,  Cr,  gives  a  reddish  bead  hot,  fine  yellow-green 
to  green  when  cold. 

With  soda  in  the  O.  F.,  a  dark-yellow  bead  when  hot 
is  obtained,  opaque  and  light-yellow  when  cold. 

With  borax  in  the  R.  F.,  a  green  bead  is  given  when  hot 
and  cold. 

With  soda  in  the  R.  F.,  an  opaque  and  yellowish-green  bead 
is  given  when  cold. 

With  S,  Ph,  in  the  R.  F.,  the  bead  is  red  when  hot  and 
green  when  cold. 

109*  Interfering:  Elements. — Manganese  with  soda 
bead  in  O.  F.  will  be  bright  yellowish-green. 

IIO.  Wet  Tests. — Ammonia  precipitates  bluish-green 
chromium  hydroxide  slightly  soluble  in  excess  of  ammonia. 

From  solutions  of  chromium  trioxide,  lead  salts  precipitate 
yellow  lead  chromate  soluble  in  nitric  acid  and  insoluble  in 
acetic  acid.     It  is  difficultly  soluble  in  potassium  hydroxide. 
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A  very  delicate  test  for  chromium  as  chromium  trioxide 
is  by  means  of  hydrogen  peroxide  and  ether,  which  gives  a 
fine  blue  color. 

COBAL.T 

111.  Dry  Tests. — On  charcoal  in  the  R.  F.,  the  oxide 
of  cobalt,  Co^  reduces  to  a  magnetic  substance.  This  dis- 
solved in  HCl  will  be  rose-red,  but  on  evaporation  will  be 
blue. 

With  borax  or  5.  /%.,  the  bead  will  be  blue  in  either  flame. 

112.  Interfering:  Elements. —  Arsenic:  Roast  and 
scorify  with  successive  additions  of  borax.  The  bead  may 
have  colors  in  the  order  given:  Yellow  (iron),  green  (iron  or 
cobalt),  blue  (cobalt),  reddish-brown  (nickel),  green  (nickel 
and  copper),  blue  (copper).  Copper  and  Elements  That  Color 
Strongly :  Fuse  the  mineral  with  borax  and  lead  on  coal  in 
R.  F.  The  borax  bead  on  platinum  wire  in  O.  F.  will  show 
the  cobalt  except  when  obscured  by  much  iron  or  chromium. 
Iron,  nickel,  or  chromium  are  to  be  fused  in  R.  F.  with  a 
little  metallic  arsenic,  then  treated  as  an  arsenide.  Sulphur 
or  selenium  are  to  be  roasted  and  scorified  with  borax  as 
before  described. 

113.  Wet  Tests. — Fixed  alkalies  precipitate  blue  basic 
salts.  This  precipitate  absorbs  oxygen  and  becomes  an 
olive-green  hydroxide.  If  boiled  before  oxidation  in  the  air, 
it  becomes  rose-red.  Cobaltous  hydroxide,  Co{OH)^^  does 
not  dissolve  in  excess.  Ammonia,  HNjOH^  produces  the 
same  precipitate,  which  is  soluble  in  excess. 

Potassium  ferricyanide,  K^Fei^CN)^^  precipitates  dark- 
brown  cobalt  ferricyanide  insoluble  in  hydrochloric  acid.  If 
to  a  solution  of  cobalt  or  nickel  an  excess  of  ammonium 
chloride  and  ammonia  is  added  and  then  potassium  ferri- 
cyanide,  a  blood-red  color  indicates  cobalt.  If  nickel  is 
present  and  the  solution  is  boiled,  a  copper-red  precipitate 
forms;  if  any  cobalt  is  present,  a  dirty  green  precipitate  is 
formed  on  boiling. 


BLOWPIPING 

To  a  dilute  solution  of  cobalt ous  nitrate  add  tartaric  or 
citric  acid,  then  an  excess  of  ammonia  and  a  few  drops  of 
potassium  ferricyanide;  a  deep-red  color  appears  even  if 
largely  diluted.     Confirm  by  blowpipe  tests. 


COPPER 

114,  Blowpip©  Teste. — On  charcoal  in  the  R,  F.,  cop- 
per, Ti/,  minerals  are  reduced  to  red  metallic  globules.  The 
flame  is  emerald-green  or  azure-blue,  according  to  the  com- 
pound. The  azure^blue  flame  may  be  obtained  by  roasting 
sulphur,  selenium,  and  arsenic  fruni  the  copper  ores:  lead  in 
copper  minerals  necessitates  a  gentle  heat ;  then  by  moistening 
the  assay  with  hydrochloric  acid  or  aqua  regia,  drying  gently 
with  O.  F.,  and  heating  strongly  in  R.  F.,  an  azure-blue 
flame  reaction  may  be  obtained  (see  flame  test  for  chlorine). 
Also  by  saturating  S.  Pk,  bead  with  the  substance,  adding 
common  salt  and  treating  with  the  blue  flame  of  the  lamp, 
the  azure-blue  flame  may  be  obtained. 

With  borax  or  S.  Pk,  in  theO.  F.,  a  green  bead  is  obtained 
while  hot,  but  blue  or  greenish-blue  when  cold.  By  repeated 
slow  oxidation  and  reduction  a  borax  bead  becomes  ruby- 
red.  In  a  R.  F.  a  greenish  or  colorless  bead  is  obtained 
when  hot,  and  an  opaque  and  brownish -red  when  cold* 
With  tin  on  coal,  this  reaction  is  more  delicate. 


115p  Interferlnf?  Elements.— Roast  thoroughly,  treat 
with  borax  on  coal  in  strong  R.  F.  (the  oxides,  sulphides,  and 
sulphates  are  best  reduced  by  a  mixture  of  soda  and  borax), 
and  if  the  button  forms  separate  from  the  button  from 
the  slag,  remove  any  lead  from  it  by  O,  F,  and  make  either 
a  S.  Ph.  or  a  flame  test  on  residual  button.  If  no  visible 
button  forms,  add  test  lead  to  the  borax  fusion,  continue 
the  reduction,  separate  the  button,  and  treat  as  in  next  test* 

116»  Lead  or  Illt«muth  Alloys, — Treat  with  frequently 
changed  boracic  acid  in  strong  R.  F*,  noting  the  appearance 
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of  slag  and  residual  button.  If  there  is  a  trace  of  copper,  a 
red  spot  will  appear  in  the  slag.  If  there  is  over  1  per  cent, 
of  copper,  the  residual  button  will  be  bluish-green;  when 
melted  it  will  dissolve  in  the  slag  and  color  it  red  on  applica- 
tion of  O,  F.,  or  may  be  removed  from  the  slag  and  be  sub- 
mitted to  either  5.  /%.  or  the  flame  test. 

117.  Wet  Tests. — Ammonia  produces  a  deep-blue  solu- 
tion ;  this  will  not  occur  if  there  is  carbon  present  and  may 
not  at  first  appear  in  case  there  is  a  large  quantity  of  iron. 

Sodium  hydroxide  and  potassium  hydroxide  when  added 
to  saturation  precipitates  blue  copper  hydroxide  insoluble  in 
excess.  When  boiled,  the  precipitate  changes  to  black  copper 
hydroxide.  Organic  substances  generally  prevent  the  for- 
mation of  this  precipitate. 

Iron  and  zinc  precipitate  metallic  copper  from  cupric 
solutions. 


IRON 


118.  Di-y  Tests. — On  charcoal  in  the  R.  P.,  many 
Iron,  Fi\  compounds  become  magnetic  when  cool.  Soda 
will  assist  the  reaction.  With  borax  in  O.  F.,  the  bead  is 
yellow  to  red  when  hot,  and  colorless  to  yellow  when  cold; 
in  R.  F.  it  is  bottle-green.  With  tin  on  coal,  the  bead  is 
violet-green.  With  S,  /%.  in  O.  F.,  the  bead  is  yellow  to 
red  while  hot,  greenish  when  cooling,  colorless  to  yellow 
when  cold;  in  R.  F.,  the  bead  is  red  both  when  hot  and 
cold,  but  greenish  while  cooling.  A  borax  blue  bead  from 
cupric  oxide  is  made  red  by  ferrous  oxide,  FeO^  and  green- 
ish by»  ferric  oxide,  Fe^Oy 

119.  Interfering:  Elements. — Chromium:  Fuse  with 
niter  and  sodium  carbonate  on  platinum,  dissolve  in  water, 
and  test  residue  for  iron.  Cobalt :  By  dilution  with  borax 
the  cobalt-blue  bead  may  be  often  lost  before  the  yellow  of 
iron.  Copper  may  be  removed  from  borax  bead  by  treat- 
ment with  lead  on  charcoal  in  R.  F.     Mangatiese  may  be 
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faded  from  a  borax  bead  by  treatment  with  tin  on  coal 
in  R.  F.,  or  from  a  S.  P/i.  bead  by  R.  F.  Nickel  may  be 
faded  from  borax  bead  by  R.  F.  Tungsten  or  titanium  will 
color  a  5.  Ph.  bead  in  R.  F.  a  reddish-brown  instead  of  blue 
or  violet.  Uranium  has  the  same  effect  as  chromium. 
AlloySy  sulphides^  arsenides^  etc, :  Roast,  treat  with  borax  on 
coal  in  R.  F.,  then  treat  borax  bead  in  R.  F.  to  remove 
reducible  metals. 

1I30.  Wet  Tests.  —  Ferrous  Compounds  in  Solution : 
Ammonia  throws  down  ferrous  hydroxide  as  a  white  or 
dirty  green  precipitate  that  gradually  takes  oxygen  from 
the  air  and  turns  brown.  Potassium  ferricyanide  added 
to  cold  dilute  solutions  of  ferrous  salts  will  give  a  deep-blue 
precipitate  of  ferrous  ferricyanide.  Ammonium  sulphocy- 
anate,  NHjCNSy  produces  no  coloration  with  ferrous  solu- 
tions. Ferrous  iron  may  be  changed  to  ferric  by  boiling  1 1  CI 
solution  with  a  few  drops  of  nitric  acid  to  furnish  oxygen. 

Ferric  Compounds  in  Solution.  —  Ammonia  precipitates 
brownish  flocculent  ferric  hydroxide.  Potassium  ferrocya- 
nide  added  to  cold  dilute  ferric  solutions  will  throw  down 
ferric  ferrocyanide  or  Prussian  blue.  Ammonium  sulphocy- 
anate,  NHjCNS^  produces  a  blood-red  solution  with  ferric 
solutions.  Ferric  iron  may  be  changed  to  ferrous  by  [Kill- 
ing the  hydrochloric-acid  solution  with  metallic  tin  or  zinc 
until  the  yellow  color  entirely  disapfxiars. 

Detection  of  Ferrous  and  Ferric  Iron  in  Silicates, — Make  a 
large  sodium-carbonate  bead  on  platinum  wire.  Dip  the 
button  while  red  hot  into  the  finely  pf>wdered  mineral. 
The  bead  must  not  be  further  heated,  but  is  to  l>e  removed 
from  the  wire,  crushed  in  a  diamond  mortar,  and  diss^>lved 
in  a  test  tube  in  hot  dilute  HCl,  and  separate  [x^rtions  of 
the  solution  tested  with  potassium  ferri  and  ferrocyanidcs. 


121.  Bry  Teste. — On  charcoal,  in  either  flame,  lead,  Pb, 
compounds  are  reduced  to  Ts\'d\Wei\A*t  m':tal  that  yields 
near  the  assay  a  dark  lemon-yellow  coat,  which  becomes 
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sulphur-yellow  when  cold,  and  bluish-white  at  the  bor- 
der. Lead  phosphate  yields  no  coat  without  the  aid  of 
a  flux. 

With  bismuth  flux  on  plaster,  a  chrome-yellow  coat,  black- 
ened by  ammonium  sulphide,  is  obtained;  on  charcoal,  a 
volatile  yellow  coat,  darker  while  hot.  The  flame  is  azure- 
blue. 

With  borax  or  S.  PA,  O.  F.,  a  yellow  bead  while  hot, 
colorless  when  cold,  is  obtained.  Can  be  flamed  opaque  yel- 
low in  R.  F.  The  borax  bead  becomes  clear,  the  S.  Pit,  bead 
becomes  cloudy. 

122.  Interfering:  Elements.  —  Galena,  when  roasted 
alone  on  charcoal  at  a  high  temperature,  an  abundant  white 
sublimate  is  formed,  resembling  oxide  of  antimony;  roasted 
at  a  low  heat,  a  yellow  coating  is  formed  and  a  metallic 
button.  Antimony :  Treat  on  coal  with  boracic  acid  and 
reduce  the  slag  on  plaster  with  bismuth  flux.  Arsenic  Sul- 
phide:  Remove  by  gentle  O.  F.  Cadmium:  Remove 
by  R.  F.  Bismuth:  Usually  the  bismuth-flux  tests  on 
plaster  are  sufficient.  In  addition  the  lead  coat  should  color 
the  R.  F.  blue. 

123.  Wet  Test. — Zinc  precipitates  crystals  of  lead  from 
solutions. 

Sulphuric  acid  precipitates  white  lead  sulphate,  PbSO^, 
slightly  soluble  in  excess,  insoluble  in  alcohol,  but  soluble  in 
ammonium  acetate  or  citrate. 

Hydrogen  sulphide  or  ammonium  sulphide  precipitates 
black  lead  sulphide,  soluble  in  nitric  acid,  with  the  forma- 
tion of  lead  sulphate. 

Ferrocyanide  of  potassium  precipitates  white  lead  fer- 
rocyanide.  To  obtain  a  solution  from  lead  minerals 
use  1  part  nitric  acid  and  2  parts  water.  Sulphuric  acid 
will  throw  down  white  lead  sulphate  which  is  insoluble 
in  water.  Hydrochloric  acid  will  give  a  heavy  white 
precipitate  of  lead  chloride  soluble  to  a  large  extent  in  hot 
water. 
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lilTHTUM 

124.  Dry  Test. — A  UtUum,  Li^  mineral  colors  the  flame 
crimson  by  heating  it  near  the  wick.  If  the  mineral  con- 
tains sodium,  the  crimson  flame  will  appear  before  the  yellow 
of  the  sodium. 

135.  Interfering:  Elements. — Sodium  :  Fuse  on  plati- 
num wire  with  barium  chloride  in  O.  F.  The  flame  will  be 
first  strong  yellow,  then  green,  and  lastly  crimson.  Calcium 
or  Strontium :  These  elements  will  not  color  the  flame  crim- 
son in  the  presence  of  barium  chloride.  Silicoti :  Make  into 
a  paste  with  boracic  acid  flux  and  water  and  fuse  in  the  6lue 
flame.    Just  after  the  flux  fuses  the  crimson  flame  will  appear. 

126.  Wet  Test. — Sodium  carbonate,  Na^CO^^  precipi- 
tates white  lithium  carbonate  slightly  soluble  in  water. 


MAGNESIUM 

127.  Dry  Tests. — Magriiesiiim,  Mg^  minerals  fluxed  with 
soda  and  ignited  on  charcoal  are  insoluble  and  are  not  absorbed 
by  the  coal.  With  borax  or  .S".  Ph. ,  a  clear  colorless  bead  may 
be  obtained,  that  can  be  flamed  opaque  white.  With  cobalt 
solution  and  strongly  heated  it  becomes  a  pale  flesh  color. 
With  silicates  this  action  is  of  use  only  in  the  absence  of  color- 
ing oxides.  The  phosphate,  arsenate,  and  borate  become 
yiolet-red.  •  The  dry  tests  are  not  as  satisfactory  as  the  wet 
tests  for  magnesium. 

128.  Wet  Tests.— Sodium  phosphate,  Na^HPO^,  precipi- 
tates in  the  presence  of  ammonia  and  ammonium  chloride, 
white  ammonium  magnesium  phosphate  in  fine  crystals. 
Before  making  the  test,  it  must  be  ascertained  that  sub- 
stances  precipitated  by  ammonia,  ammonium  sulphide,  and 
ammonium  carbonate  or  oxalate  have  been  removed  from 
solution,  as  otherwise  a  phosphate  of  some  other  element 
might  be  thrown  down  and  mistaken  for  magnesium.  Mag- 
nesium will  not  be  precipitated  by  the  above  reagents  if  the 
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solution  is  sufficiently  dilute,  contains  a  free  mineral  acid, 
such  as  hydrochloric  or  nitric,  or  an  acid  with  which  mag- 
nesium forms  an  insoluble  compound. 


MANGANESE 

129.  Dry  Test.— With  borax  or  5.  Ph.  in  the  O.   F., 

amethystine  while  hot,  reddens  on  cooling;  with  much  min- 
eral it  is  black  and  opaque.  The  colors  are  more  intense  with 
borax  than  with  6\  /%.  If  a  hot  bead  is  touched  to  a  crys- 
tal of  niter,  an  amethystine,  or  rose-colored,  froth  is  formed ; 
in  a  R.  F.  it  is  colorless  or  with  black  spots.  With  soda  in 
O.  F.  it  is  a  bluish-green  bead,  becoming  opaque  when  cold. 
Niter  assists  this  reaction.  The  powdered  mineral  fused  on 
platinum  with  sodium  carbonate  to  which  a  little  potassium 
nitrate  has  been  added,  to  bring  about  oxidation,  gives 
a  bluish-green  coloration.  By  this  means  a  very  small 
quantity  of  oxide  of  manganese  (.1  per  cent.)  may  be 
detected. 

130.  Interfering:  Elements. — Chroviiuni :  The  soda 
bead  in  O.  F.  will  be  bright  yellowish-green  instead  of  bluish- 
green  when  cold.  Silicon :  Dissolve  in  borax  bead  and  then 
fuse  with  soda. 

131.  Wet  Test. — Boil  the  powdered  mineral  with  nitric 
acid  and  add  peroxide  of  lead,  PbO^.  A  reddish-violet  solu- 
tion indicates  manganese.  There  are  a  number  of  manga- 
nese minerals  that,  dissolved  in  hydrochloric  acid,  will 
cause  an  evolution  of  chlorine  gas. 


MERCURY 

133.  Blowpipe  Tests. — With  bismuth  flux  on  plaster, 
a  volatile  yellow  and  scarliet  coat  will  be  formed;  if  too 
strongly  heated  the  coat  is  black  and  yellow.  On  char- 
coal, a  faint  yellow  coat  is  shown  at  a  distance  from  the 
assay. 
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In  a  matrass  with  dry  soda  or  litharge,  mirrorlike  subli- 
mate, which  may  be  collected  in  globules,  is  obtained.  Gold 
leaf  is  whitened  by  the  faintest  trace  of  mercury. 

In  the  open  tube,  a  crystal  of  iodine  just  above  the  assay 
will  form  a  bright  red  sublimate  of  iodide  of  mercury,  if  any 
mercury,  Hg^  is  present.  Sulphide  of  mercury  will  give  a 
gray  sublimate  after  sulphur  dioxide  is  driven  off  gradually 
by  heat.     The  gray  sublimate  is  metallic  mercury. 

133.  Wet  Tests. — A  piece  of  bright  metallic  copper  will 
be  coated  with  mercury  if  inserted  in  a  solution  of  mercury. 

Stannous  chloride  will  precipitate  white  mercurous  chlo- 
ride and  then  gray  mercury. 

To  distinguish  between  mercuric  and  mercurous  com- 
pounds, hydrochloric  acid  precipitates  white  mercurous 
chloride  (calomel)  from  mercurous  solutions,  soluble  in  aqua 
regia,  nitric  acid,  and  ammonium  chloride,  and  blackened 
by  ammonia.  There  is  no  precipitate  from  mercuric  com- 
pounds on  the  addition  of  HCL 


MOLYBDENUM 

134.  Dry  Tests. — On  charcoal  in  an  O.  F.,  molybde- 
num, Mo^  minerals  give  when  hot  a  yellowish  coat,  which 
becomes  white  when  cold;  crystalline  near  assay.  In  the 
R.  F.  the  coat  is  turned  in  part  deep  blue,  in  part  dark- 
copper  red.     The  flame  is  yellowish-green  color. 

With  borax  in  an  O.  F.,  it  is  yellow  when  hot,  colorless 
when  cold.  In  the  R.  F.  the  bead  becomes  brown  to  black 
and  opaque. 

With  5.  Ph.  in  the  O.  F.,  it  is  yellowish-green  when  hot, 
colorless  when  cold.  The  bead  crushed  between  damp, 
unglazed  paper  becomes  red,  brown,  purple,  or  blue,  accord- 
ing to  the  amount  present.     In  R.  F.  it  is  emerald-green. 

With  dilute  \  HCl  solutions.  Fuse  the  substance  with 
5.  Ph,  in  O.  F.  and  dissolve  in  the  acid  and  heat  with  tin,  zinc, 
or  copper.  The  solution  will  turn  blue,  green,  and  brown. 
If  the  5.  Ph.  bead  has  been  treated  in  R.  F.  the  solution 
will  become  brown. 
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If  thin  pieces  of  molybdenite  are  highly  heated  in  the 
open  tube,  a  yellow  sublimate  deposits  above  the  assay, 
sometimes  becoming  a  mass  of  delicate  crystals. 

136.  Wet  Test. — Upon  heating  an  acid  solution  with 
zinc,  it  will  turn  successively  blue,  green,  and  brown. 


NICKEIi 

136.  Blowpipe  Tests. — On  charcoal  in  the  R.  F.,  the 

oxide  becomes  magnetic. 

With  borax  in  the  O.  F.,  it  forms  a  violet  bead  while  hot, 
pale  reddish-brown  when  cold.  In  the  R.  F.  it  forms  a 
cloudy  bead,  which  finally  becomes  colorless. 

With  5.  Ph.  in  the  O.  F.,  the  bead  is  red  while  hot,  yellow 
when  cold.  In  the  R.  F.  it  is  red  while  hot,  yellow  when 
cold.     On  coal  with  tin  it  becomes  colorless. 

137.  Interfering:  Elements. — Saturate  3  borax  beads 
with  the  roasted  mineral,  and  treat  on  coal  with  strong  R,  F. 
If  a  visible  button  results,  separate  it  from  the  borax  and 
treat  with  S.  Ph.  in  the  O.  F.,  replacing  the  S.  Ph.  until  a 
nickel  bead  is  obtained.  If  no  visible  button  results,  add 
a  few  grains  of  test  lead.  Continue  the  reduction  ;  scorify 
the  button  with  boracic  acid  to  small  size,  complete  the 
removal  of  lead  in  O.  F.  on  coal  and  treat  residual  button 
with  S.  Ph.  in  O.  F.  Arsenic :  Roast  thoroughly,  treat  with 
borax  in  R.  F.  as  long  as  color  shows,  treat  residual  button 
with  S.  Ph.  in  O.  F.  Alloys:  Roast  and  melt  with  frequently 
changed  borax  in  R.  F.,  adding  a  little  lead  if  infusible. 
When  the  borax  is  no  longer  colored,  treat  residual  button 
with  S.  Ph.  in  O.  F.  

PHOSPHORUS 

138.  jyvy  Tests. — The  flame  is  a  momentary  greenish- 
blue,  which  is  improved  by  concentrated  sulphuric  acid.  In 
a  closed  tube,  when  soda  is  mixed  with  the  mineral  in  equal 
parts  and  dried,  and  the  mixture  is  covered  over  dry  mag- 
nesium, there  will  be  on  heating  a  vivid  incandescence,  and 
the  resulting  mass  when  crushed  and  moistened  will  yield  the 
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odor  of  phosphureted   hydrogen,  which   Is  somewhat  like 
the  g^arlic  odor  of  arsenii:. 

139.  Wet  Tests. — Orthophosphate  Solutions:  Magnesia 
mixture  precipitates  white  magnesiym-ammoniura  phos- 
phate, MgNHJ^O^^  from  ammoniacal  solutions.  Silver 
nitrate  precipitates  light*yellow  silver  phosphate,  Ag^PO^^ 
soluble  in  nitric  acid  and  ammonia.  Ammoniuin  molybdate 
with  nitric  acid  precipitates  yellow  ammoiiium  phospho- 
molybdate.  The  precipitate  is  soluble  in  ammonia  provided 
no  organic  substances  are  present. 

Pyrophosphate  Solutions:  Magnesium  sulphate  precipi- 
tates white  magnesium  pyrophosphate,  MgJ^fi^,  soluble  in 
an  excess  in  either  solution.  On  boiling  it  separates  again. 
By  this  reaction  pyrophosphates  can  be  detected  in  the 
presence  of  phosphoric  acid.  Ammonia  fails  to  precipitate 
it  from  these  solutions. 

Ammonium  molybdate  with  nitric  acid  (molybdate  solu- 
tion) does  not  give  a  precipitate  until  orthophosphate  is 
formed.  Most  of  the  pyrophosphates  of  the  heavy  metals 
{Ag  an  exception)  are  soluble  in  alkali  pyrophosphates, 
which  will  distinguish  them  from  orthophosphates. 

Stiver  nitrate  precipitates  white  silver  pyrophosphates 
soluble  in  nitric  acid  and  ammonia.  The  addition  of  an 
alkali  aids  the  precipitation, 

Mi^ taph ospha  fe  Sot ut ions  :  M a g nes i a  m  i x t  u  re  g i v es  no  pre- 
cipitate. Molybdate  solution  gives  no  precipitate.  Silver 
nitrate  precipitates  white  silver  metaphosphate,  AgPO^^ 
soluble  in  alkali  metaphosphate  solutions,  but  not  in  pyro- 
phosphate solutions. 

Albumen  gives  a  precipitate  with  metaphosphate,  but  not 
with  ortho-  or  pyrophosphate  solutions.  Fusion  with  sodium 
carbonate  converts  meta-  and  pyro-  into  orthophosphates. 


POTASSIUM 

140.  Blowpipe  Test«, — ^Volatile  potaaslmii,  K^  com- 
pounds color  the  rt:imc  viulet.  The  substance  is  held  in  the 
forceps  or  in  a  loop  on  platinum  wire  and  placed  in  the  hottest 
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part  of  the  flame.  The  color  is  not  very  strong  but  by  view- 
ing it  through  blue  glass,  the  potash  flame  will  be  distinctly 
seen.  Potassium  compounds,  with  a  few  exceptions,  such  as 
silicates,  phosphates,  and  borates,  when  ignited  give  a  slight 
alkaline  reaction. 

141.  Interferingr  Elements.  —  Sodium :  The  flame 
through  blue  glass  will  be  violet  or  blue.  A  borax  bead 
containing  a  little  boracic  acid,  made  brown  by  nickel,  will 
become  blue  on  addition  of  a  potassium  compound.    Lithium  : 

'The  flame  through  green-glass  will  be  bluish-green. 

142.  Wet  Test.— Platinic  chloride,  PtCl^,  added  to  a 
neutral  or  slightly  acid  potassium  solution,  will  precipitate 
yellow  crystalline  potassium  platinic  chloride,  {KCl)^  PtCl^. 
The  precipitate  is  slightly  soluble  in  water,  but  insoluble 
in  alcohol. 


SEI^ENIUM 

143.  Dry  Tests. — On  charcoal  in  the  R.  F.,  selenium, 

Se,  gives  a  disagreeable  horseradish  odor,  brown  fumes,  and 
a  volatile  steel-gray  coat  with  a  red  border.  If  the  coating 
is  touched  with  the  reducing  flame,  the  selenium  volatilizes 
and  imparts  an  azure-blue  color  to  the  flame. 

In  the  open  tube,  selenium  yields  a  white  oxide,  ScO^^ 
which  usually  crystallizes  in  radiating  prisms  on  the  sides  of 
the  glass.  This  may  be  reddened  by  finely  divided  selenium. 
The  sublimate  is  volatile. 

In  the  closed  tube,  a  dark-red  sublimate  and  a  decaying 
horseradish  odor  is  obtained. 

On  charcoal  with  soda,  thoroughly  fuse  in  the  R.  F. ; 
place  on  bright  silver,  moisten,  crush,  and  let  stand.  The 
silver  will  be  blackened. 

1 44.  Wet  Tests. — Hydrogen  sulphide  precipitates  yellow 
sulphide  of  selenium  from  acid  solutions.  The  precipitate 
is  soluble  in  'ammonium  sulphide.  Upon  heating,  the  pre- 
cipitate turns  reddish-yellow. 
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Stannous  chloride  and  hydrochloric  acid  produce  a  red 
jrecipitate  of  seleniuiBj  which  turns  gray  at  a  high  tempera- 
ture. 

Metallic  copper  when  placed  in  a  warm  solution  of  seleni- 
ous  acid,  containing  hydrachloric  actd^  becomes  black;  if 
the  fluid  remains  lon^  in  contact  with  the  copper  it  turns 
red  from  the  separation  of  selenium.  Confirm  the  wet  tests 
by  blowpipe. 

A  mixture  of  selenium  and  alkali  metal  treated  with 
immonia  produces  an  insoluble  sodium  or  pjlassiutn  selenide 
Pwhen  the  metal  is  in  excess,  while  if  selenium  preduminates 
a  potyselenide  is  formed. 


SILICON 

145,  Blowpipe  Tests, — On  charcoal  with  soda,  silica, 
StO^^  with  its  own  volume  of  soda  dissolves  with  effervescence 
to  a  clear  bead  ■  with  more  soda  the  bead  is  opaque. 

With  borax,  a  clear  and  colorless  bead  is  obtained. 

With  S.  /'//.,  silica  is  insoluble.  The  test  made  upon  a 
small  fragment  will  usually  show  a  translucent  mass  of 
undissolved  matter  of  the  shape  of  the  original  fragment. 
When  the  substance  is  not  decomposed  by  S.  /%.,  dissolve  in 
borax  nearly  to  saturation,  add  S.  Ph.,  and  reheat  for  a 
moment.     The  bead  will  become  milky  or  opaque  white. 

Moistened  with  cobalt  nitrate  solution  and  ignited,  the 
color  becomes  blue, 

140.  Wet  Te!4ts* — Silicates  are  determined  by  the  sepa- 
ration of  silica  either  as  gelatinous  silicic  acid  or  as  a  white 
powder.  The  surest  way  to  detect  a  silicate  is  to  get  the 
mineral  in  an  acid  solution.  Fuse  a  silicate  with  sodium 
carbonate  and  sodium  nitrate,  dissolve  the  mass  in  hydro- 
chloric acid,  and  evaporate  to  a  point  where  the  solution 

L becomes  gelatinous.  If  evaporation  is  continued  to  dry- 
Bess  and  the  residue  dissolved  with  hydrochloric  acid  and 

kdigested  with  water  the  bases  will  go  into  solution  and  the 
insoluble  silica,  Jf/C?„,  will  remain.  Gelatinization  will  be  more 
readily  obtained   with   nitric  acid  than  with  hydrochloric, 
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although  in  many  cases  either  will  answer.     Confirm  by  the 
blowpipe  test. 

Some  silicates  are  completely  decomposed  by  boiling  with 
acids,  the  bases  going  into  solution  while  the  silica  is  left  in 
an  insoluble  condition  without  the  formation  of  a  jelly. 
Filter  the  soluble  material  and  test  with  the  blowpipe. 


SrLVER 

147.  Dry  Tests. — On  charcoal,  silver,  A^,  is  reduced  to 
a  malleable  white  metal.  On  long  treatment  in  the  O.  F.  a 
faint  reddish-brown  coat  of  silver  oxide  is  obtained. 

With  borax  or  5.  /%.  in  the  O.  F.,  the  bead  is  opalescent. 

Fuse  on  coal  with  1  volume  of  borax  glass  and  2  volumes 
of  test  lead  in  the  R.  F.  for  about  2  minutes.  Remove  the 
button,  scorify  it  on  the  coal  in  the  R.  F.  with  fresh  borax, 
then  place  the  button  on  the  cupel  and  blow  the  O.  F.  across 
it,  using  as  strong  a  blast  and  as  little  flame  as  is  consistent 
with  keeping  the  button  melted.  If  the  litharge  is  dark  or 
if  the  button  freezes  before  brightening,  or  if  it  brightens 
but  is  not  spherical,  rescorify  it  on  coal  with  borax,  add 
more  test  lead,  and  again  cupel,  until  there  remains  only  a 
white  spherical  button  of  silver. 

148.  Wet  Tests. — Precipitation  of  Silver  as  Silver  Chlo- 
ride :  Digest  the  mineral  in  hot  nitric  acid  and  precipitate 
white  silver  chloride  with  a  few  drops  of  hydrochloric  acid. 
The  precipitate  is  soluble  in  ammonia  and  is  reprecipifated 
by  nitric  acid.  It  darkens  on  exposure  to  light.  Collect  on 
filter  and  confirm  with  the  blowpipe. 

Copper  precipitates  metallic  silver. 

Potassium  iodide  precipitates  yellow  silver  iodide  insoluble 
in  ammonia. 

80I>IUM 

149.  Dry  Tests. — Sodium,  Na,  is  usually  detected  by 
flame  coloration  and  alkaline  reaction.  Volatile  sodium 
compounds  color  the  flame  intensely  yellow  and  the  test  is 
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exceedingly  delicate.  With  the  exception  of  the  silicates, 
borates,  phosphates,  and  the  salts  of  a  few  rare  acids,  sodium 
salts  on  ignition  give  an  alkaline  reaction.  Some  other 
alkalies  and  alkaline  earths  give  the  sam\e  reactions. 

150.  Wet  Tests. — If  platinic  chloride  is  added  to  a  con- 
centrated neutral  or  slightly  acid  solution  of  sodium  chlo- 
ride, red  prisms  of  sodium  platinic  chloride,  {NaCl)^PtCl^y 
will  form. 

STROXTFUM 

151.  Dry  Tests. — Strontium,  i>>,  may  be  detected  in 
minerals  by  flame  coloration  and  by  alkaline  reaction  after 
lieating. 

The  flame  is  an  intense  crimson,  improved  by  moistening 
^th  hydrochloric  acid. 

With  borax  or  5.  /%.,  a  clear  and  colorless  bead  that  can 
"be  flamed  opaque  is  formed. 

On  charcoal  with  soda,  it  is  insoluble,  but  is  absorbed  by 
^he  coal.  When  ignited  and  moistened,  strontium  minerals 
"with  the  exception  of  silicates  and  phosphates  give  alkaline 
reaction. 

152.  Wet  Tests. — Strontium  sulphate  is  very  insoluble 
in  water  and  dilute  acids,  hence  may  be  precipitated  from 
solutions  by  a  few  drops  of  dilute  sulphuric  acid.  Sodium 
hydroxide,  ammonia,  sodium  carbonate,  and  ammonium 
carbonate  produce  precipitates  from  strontium  solutions 
that  closely  resemble  those  produced  by  these  reagents  from 
barium  salts.     Confirm  by  blowpipe  tests. 


SULPHUR 

153.  Blo'w^plpe  Tests. — Sulphides  can  be  most  conve- 
niently detected  by  roasting  the  mineral  In  the  open  tube  or 
on  charcoal,  when  the  odor  of  burning  sulpliur,  5,  will  be 
readily  noticed;  or  an  acid  test  may  be  made  by  holding 
moistened  blue  litmus  paper  in  the  fumes.  Some  sulphides 
oxidize  so  readily  that  when  heated  before  the  blowpipe  they 
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will  take  fire  and  burn;.pyrite,  FeS^^  and  chalcopyrite, 
CuFeS^j  can  be  tested  in  this  way. 

In  the  open  tube,  suffocating  fumes  of  burning  sulphur 
are  driven  off;  some  sulphates  are  unaffected. 

In  the  closed  tube,  there  may  be  a  red  sublimate  while 
hot,  yellow  when  cold,  or  a  sublimate  of  undecomposed  sul- 
phide, or  the  substance  may  be  unaffected. 

With  soda  and  silica  in  equal  parts,  a  yellow  or  red  bead 
may  be  formed. 

154.  Silver-Coin  Test. — Thoroughly  fuse  the  mineral 
with  soda  and  a  little  borax  on  charcoal  in  the  R.  F.  flame 
and  place  on  a  bright  silver  coin,  moisten,  crush,  and  let 
stand.     The  silver  will  become  brown  or  black. 

To  determine  whether  a  mineral  is  a  sulphide  or  sulphate, 
fuse  with  soda  on  platinum  foil ;  the  sulphide  only  will  stain 
silver,  as  the  sulphate  is  already  oxidized. 

If  the  sulphate  is  reduced  to  a  sulphide  the  test  on  silver 
may  be  applied.  To  do  this,  make  a  paste  of  equal  parts  of 
sulphate  and  powdered  charcoal,  add  4  volumes  of  sodium 
carbonate;  fuse  on  charcoal  before  blowpipe,  and  sodium 
sulphide  will  be  formed. 

155.  Wet  Test. — Barium  chloride  gives  a  white  precipi- 
tate of  barium  sulphate  when  added  to  solutions  containing 
sulphuric  acid. 

On  the  addition  of  hot  nitric  acid  to  sulphides,  hydrogen 
sulphide  gas  is  given  off  which  is  decomposed  by  nitric  acid 
and  sulphur  is  precipitated. 

Most  sulphides  are  either  insoluble  or  difficultly  soluble  in 
hydrochloric  acid,  but  those  that  are  soluble  emit  hydrogen 
sulphide  gas. 

TELLURIUM 

156.  Dry  Tests. — On  charcoal,  tellurium,  TV,  minerals 
give  a  volatile  white  coat  with  a  brown  or  yellow  border. 
If  the  fumes  are  caught  on  porcelain  the  resulting  gray  or 
brown  film  may  be  turned  crimson  when  moistened  with 
concentrated  sulphuric  acid,  and  gently  heated. 
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On  charcoal  with  soda,  thoroughly  fuse  in  the  R.  F., 
place  the  fused  mass  on  a  bright  silver  coin,  moisten,  crush, 
and  let  stand.     The  silver  will  be  blackened. 

Tellurium  colors  flame  green.  In  an  open  tube,  a  gray 
sublimate  forms,  which  is  fusible  to  clear  drops.  Heat  a 
mixture  of  finely  powdered  mineral  with  sodium  carbonate 
and  a  little  charcoal  dust  in  a  test  tube.  After  cooling  and 
the  addition  of  water  the  solution  will  assume  a  violet- 
reddish  color.  This  color  gradually  disappears  and  a  gray 
precipitate  forms  if  a  drop  is  transferred  to  a  porcelain  plate. 
This  may  be  hastened  by  blowing  on  the  drop. 

157.  Wet  Tests. — Hydrogen  sulphide  precipitates  brown 
tellurium  sulphide  from  acid  solutions.  This  is  soluble  in 
ammonium  sulphide. 

Boiled  witb  concentrated  sulphuric  acid,  there  results  a 
purple-violet  solution  that  fades  upon  further  heating  or 
dilution. 


TIN 

158.  Blowpipe  Tests. — Tin,  Sfi,  is  usually  detected  by 
the  formation  of  metallic  globules  by  reduction  on  charcoal. 

Sodium  carbonate  and  oxide  of  tin,  without  the  addition 
of  charcoal  powder,  usually  form  an  infusible  mass  that  is 
very  difficult  to  reduce. 

On  charcoal  in  the  O.  F.,  the  oxide  becomes  yellow  and 
luminous.  In  the  R.  F.,  a  slight  coat  is  formed,  assisted  by 
additions  of  sulphur  or  soda. 

Moisten  the  coal  in  front  of  the  assay  with  the  cobalt  solu- 
tion, and  blow  a  strong  R.  F.  upon  the  assay.  The  coat 
will  be  bluish-green  when  cold. 

With  copper  oxide,  CtiO,  in  the  borax  bead,  a  faint  blue 
bead  is  made  reddish-brown  or  ruby-red  by  heating  a 
moment  in  R.  F.  with  a  tin  compound. 

159.  Interfering  Elements. — Lead  or  Bismuth  Alloys: 
It  is  a  fair  proof  of  tin  if  such  an  alloy  oxidizes  rapidly  with 
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sprouting  and  cannot  be  kept  fused.  Sprouting  is  blowing 
out  from  the  center  of  the  fused  alloys.  Zinc:  On  coal 
with  soda,  borax,  and  charcoal  in  R.  F.,  the  tin  will  be 
reduced,  the  zinc  volatilized.  The  tin  may  then  be  washed 
from  the  fused  mass. 

160.  Wet  Tests. — Stannous  Solutions:  Hydrogen  sul- 
phide precipitates  dark-brown  stannous  sulphide  soluble  in 
hydrochloric  acid,  in  alkalies,  and  moderately  soluble  in 
yellow  ammonium  sulphide. 

Mercuric  chloride  precipitates  white  mercurous  chloride 
with  excess  of  black  mercury  (distinction  from  stannic 
compounds). 

Gold  trichloride,  AuCl^y  with  HCl  or  HNO^  in  solution 
gives  a  purple  precipitate. 

Zinc  precipitates  spongy  tin. 

Stannic  Solutions :  Hydrogen  sulphide  precipitates  yellow 
stannic  sulphide,  5//5„  which  is  soluble  in  hydrochloric  acid, 
alkalies,  and  alkaline  sulphides. 

Mercuric  chloride  gives  no  precipitate. 

Auric  chloride,  AuCl^^  gives  no  precipitate. 

Zinc  precipitates  spongy  tin. 


TITANIITM 

161,  Blowpipe  Tests. — Tltanliim,  7"/,  may  be  detected 
by  i".  /%.  bead;  reduction  with  metallic  tin,  or  by  oxidation 
with  hydrogen  peroxide. 

With  S.  Ph.  in  the  O.  F.,  it  forms  a  yellow  bead  while  hot, 
colorless  when  cold.  In  a  R.  F.,  it  forms  a  yellow  bead  while 
hot,  a  delicate  violet  when  cold,  never  very  intense. 

With  borax  in  the  O.  F.,  the  bead  is  colorless  to  yellow 
while  hot,  colorless  when  cold,  and  can  be  made  opalescent 
or  opaque  white  by  flaming.  In  the  R.  F.  the  bead  is  yellow 
to  brown,  and  becomes  enamel-blue  by  flaming. 

162.  Wet  Tests. — Titanium  minerals  are  very  insoluble 
in  acids,  but  after  fusion  with  sodium   carbonate,  they  go 
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into  solution  with  hydrochloric  acid.  If  this  acid  solution 
is  boiled  with  a  little  granulated  zinc  or  tin,  a  pale-violet  or 
blue  solution  is  obtained  after  a  while,  and  subsequently  a 
blue  precipitate  that  gradually  turns  white.  Other  sub- 
stances do  not  seem  to  interfere  with  this  reaction. 

Ammonia  gives  a  bulky  white  precipitate  of  titanium 
hydroxide  insoluble  in  excess. 

Hydrogen  peroxide  gives  an  exceedingly  delicate  test  used 
for  substances  supposed  to  contain  less  than  3  per  cent,  of 
titanium  dioxide,  TiO^,  First  fuse  with  sodium  carbonate 
and  then  dissolve  in  sulphuric  acid,  heating  until  the  solu- 
tion becomes  clear.  Dilute  with  cold  water,  add  some 
hydrogen  peroxide,  and  if  titanium  is  present  the  solution 
becomes  reddish-yellow  to  deep  amber,  depending  upon  the 
quantity  of  titanium  in  the  solution. 


TUNGSTEN 

163.  I>ry  Tests.— With  borax  in  the  O.  F.,  the  tung- 
sten, W,  bead  is  colorless  to  yellow  when  hot,  colorless  when 
cold;  it  can  be  flamed  opaque  white.     In  the  R.  F.  the  bead 
is  colorless  to  yellow  when  hot,  yellowish-brown  when  cold 
These  reactions  are  not  very  satisfactory. 

With  S.  Ph.  in  the  O.  F.,  a  clear  and  colorless  bead  is 
formed.  In  the  R.  F.  the  bead  is  greenish  when  hot,  blue 
when  cold.  On  long  blowing,  or  with  tin  on  coal,  the  bead 
becomes  dark  green. 

164.  Wet  Tests. — If  insoluble,  fuse  the  substance  with 
S,  Ph,  Dissolve  in  hydrochloric  acid,  and  heat  the  solution 
with  granulated  tin,  when  it  will  become  dark  blue.  Heated 
with  zinc,  the  solution  becomes  purple  and  then  reddish- 
brown. 

When  a  tungstate  is  decomposed  by  boiling  with  acid,  an 
insoluble  canary-yellow  tungstic  oxide  is  obtained.  On  add- 
ing granulated  tin  and  boiling,  the  color  first  becomes  blue 
and  finally  brown. 
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Stannous  chloride,  SnCl^,  produces  a  yellow  precipitate, 
which  on  acidifying  with  hydrochloric  acid  and  boiling 
acquires  a  beautiful  blue  color. 

Heated  with  hydrochloric  acid  and  zinc  the  solution 
becomes  purple,  then  reddish-brown. 

Potassium  ferrocyanide  with  hydrochloric  acid  gives  a 
brownish-red  color,  and  upon  standing,  a  precipitate  of  the 
same  color. 


URANIUM 

166.  Blowpipe  Tests. — Reactions  with  a  salt-of-phos- 
phorus  bead  usually  serve  for  the  detection  of  uranium,  U, 

With  borax  in  the  O.  F.,  the  bead,  which  is  yellow  while 
hot,  colorless  when  cold,  can  be  flamed  enamel-yellow.  In 
the  R.  F.  the  bead  is  bottle-green;  it  can  be  flamed  black, 
but  not  enameled. 

With  .S'.  P/i,  in  the  O.  F.,  the  bead  is  yellow  while  hot, 
yellowish-green  when  cold.  In  the  R.  F.  the  bead  becomes 
emerald-green. 

166.  Interfering  Elements.— /r(?// .•  With  S.  Ph.  in 
the  R.  F.,  the  bead  is  green  while  hot,  red  when  cold.  With 
other  elements  that  impart  color  to  the  fluxes,  and  for  the 
detection  of  small  quantities  of  uranium  in  minerals,  the  wet 
tests  are  more  satisfactory. 

167.  Wet  Tests. — Fuse  with  sodium  carbonate,  dissolve 
in  hydrochloric  acid,  nearly  neutralize  the  solution  with 
ammonia,  add  solid  ammonium  carl>onate.  shake,  and  allow 
liquid  to  stand.  The  uranium  is  precipitated  but  is  soluble 
in  excess  of  ammonium  carbonate,  and  by  Altering  may  be 
separated  from  other  elements  precipitated  by  the  same 
reagent.  Make  the  filtrate  acid,  add  ammonia  in  excess,  col- 
lect precipitate  on  filter,  and  test  with  .V  Ph.  bead. 

Ammonia,  potassium,  or  sodium  hydpixide  produces  a 
yellow  precipitate  of  uranium  hydroxi^ie  aiKi  alkali. 

Potassium  ferrocyanide  produces  a  rcdJish-brown  pre- 
cipitate. 
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VANADTTTM 

168.  Dry  Tests. — Vanadium,  F,  is  usually  detected  by 
the  color  it  imparts  to  fluxes,  but  it  should  be  given  a  wet 
test  for  confirmation. 

With  borax  in  the  O.  F. ,  the  bead  is  colorless  or  yellow 
while  hot,  greenish-yellow  when  cold.  In  the  R.  F.  it  is 
brownish  while  hot,  emerald-green  when  cold. 

With  5.  /%.  in  the  O.  F.,  the  bead  is  dark  yellow  while 
hot,  light  yellow  when  cold.  In  the  R.  F.  it  is  brown  while 
hot,  emerald-green  when  cold. 

169.  Wet  Tests.  —  Dissolved  in  sulphuric  acid  and 
reduced  by  zinc,  the  color  becomes  successively  yellow, 
green,  bluish-green,  blue,  greenish-blue,  bluish-violet,  and 
lavender. 

When  in  solution,  potassium  ferrocyanide  produces  a 
flocculent  green  precipitate  insoluble  in  acids. 

An  acidified  solution  of  vanadates  upon  being  shaken  with 
hydrogen  peroxide  acquires  a  red  tint;  if  ether  is  then 
added,  and  the  solution  is  shaken,  it  retains  its  color,  the 
ether  remaining  colorless. 

To  detect  small  quantities  of  vanadium^  in  cases  zu here  other 
substances  are  present^  which  color  the  fluxes :  Fuse  the  pow- 
dered mineral  on  platinum  foil  with  4  parts  sodium  carbonate 
and  2  parts  potassium  niter ;  digest  the  fused  mass  with  warm 
water.  Filter,  acidify  with  acetic  acid,  and  add  a  little  lead 
acetate,  which  will  precipitate  pale-yellow  lead  vanadate. 
Collect  precipitate  on  filter  paper  and  test  with  S,  Ph.  bead. 


ZIXO 

170.  Blo'wplpe  Te8tf«. — Zlnc»,  Zn,  volatilizes  when  heated 
before  the  blowpipe,  giving  a  coating  of  oxide  on  charcoal. 
It  may  be  detected  also  by  cobalt  nitrate  and  flame  colora- 
tion. 

Flame  Test :  Hold  in  forceps  in  a  strong  reducing  flame; 
as  the  metal  volatilizes,  it  burns  with  a  vivid,  pale,  bluish- 
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green  light,  appearing  as  streaks  in  the  outer  part  of  the 
flame. 

On  charcoal  in  the  O.  F.,  the  oxide  becomes  yellow  and 
luminous.  In  the  R.  F.  the  bead  forms  a  yellow  coat  while 
hot,  white  when  cold ;  the  formation  of  the  coat  is  assisted 
by  fusion  with  soda  and  a  little  borax. 

With  cobalt  solutions,  moisten  the  coat  in  front  of  the 
assay  with  the  solution,  and  blow  a  strong  O.  F.  upon  it. 
The  coat  will  become  bright  yellowish-green  when  cold. 

171.  Interfering:  Elements. — Antimony:  Remove  by 
strong  O.  F.  or  by  heating  with  sulphur  in  closed  tube. 
Cadmium^  Lead,  or  Bismuth  :  The  combined  coats  will  not 
prevent  the  cobalt  solution  test.  Tin  :  The  coats  heated  in 
the  open  tube,  with  charcoal  dust  by  O.  F.,  may  yield  white 
sublimate  of  zinc. 

172,  Wet  Tests. — Alkali  hyJiroxides  precipitate  white 
zinc  hydroxide,  which  is  soluble  in  excess  of  precipitant. 

Hydrogen  sulphide  precipitates  white  zinc  sulphide  from 
alkaline  neutral  or  acetic  acid  solutions. 

Potassium  ferrocyanide  precipitates  zinc  ferrocyanide, 
which  is  insoluble  in  very  dilute  hydrochloric  acid  solutions. 

Ammonium  sulphide  precipitates  white  zinc  sulphide, 
which  is  insoluble  in  potassium  hydroxide  and  acetic  acid. 

Confirm  the  wet  tests  by  blowpipe  tests. 


TESTS    FOR    GASES 

173.  The  gases  that  collect  in  the  closed  tube  may  be. 
identified  in  the  following  ways: 

1.  Carbon  dioxide,  CO^,  is  colorless  and  odorless.  It 
may  be  identified  by  introducing  a  drop  of  barium  hydrox- 
ide, Ba  (6^//),,  into  a  test  tube  on  the  end  of  a  glass  rod 
and  holding  it  above  the  surface  of  the  liquid  in  which  the 
mineral  is  being  dissolved.  The  drop  will  be  turned  white  by 
the  precipitation  of  barium  carbonate.  Carbon  dioxide  is 
obtained  from  most  carbonates  by  means  of  acids. 
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2.  Sulphur  Dioxide^  SO^. — Colorless,  with  strong,  pung^enl 
odor.  It  imparts  an  acid  reaction  to  blue  litmus  paper. 
Formed  from  decomposition  of  some  sulphates,  and  in  small 
quantities  from  some  sulphides  when  air  is  in  the  closrd 
tube. 

3.  Oxygen^  O. — Colorless  and  odorless.  Formed  in  the 
closed  tube  when  higher  oxides,  such  as  manganese  dioxide, 
are  heated.  It  may  be  detected  by  its  causing  a  piece  of 
charcoal  just  above  the  assay  to  burn  brightly,  which  it  will 
not  do  if  oxygen  is  not  present. 

4.  Afninonia^  NH^. — Colorless  with  characteristic  odor. 
Gives  alkaline  reaction. 

5.  Hydrofluoric  Acid^  HF, — Colorless  with  pungent  odor, 
etches  glass  and  gives  a  strong  acid  reaction,  and  colors 
Brazil-wood  paper  straw  yellow. 

6.  Nitrogen  Dioxide^  NO^. — Red  vapors,  with  pungent 
odor. 

7.  Bromine^  Br, — Red  vapors  with  characteristic  pungent 
odor. 

8.  Iodine^  I. — Violet  vapors,  often  accompanied  by  crys- 
tals of  iodine. 

9.  Brawn  smoke,  accompanied  by  dark  distillation  prod- 
ucts and  empyreumatic  odor.     Organic  material. 


TEST  FOR  C>IK>I18 

174,  Some  minerals  when  heated  give  off  characteristic 
odors  that  area  guide  to  their  identification. 

1.     The  odor  of  burning  sulphur  is  well  known  andean  \yt 
obtained  from  a  burning  sulphur  match. 
.  2.     Arsenic  driven  off  rapidly  from  its  comjx^unds  givc»  a 
garlic  odor. 

3.  Selenium  gives  a  jyrculiar  'AnT,  learned  only  by 
experience.  It  is  usually  ^:':s',rirx:d  as  re,vembling  that  of 
decayed  horseradish. 
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TABIiB    n 
FLAME   COIX>RATIONS 


Color 


Red 


Shade 


Crimson 


Element 


Lithium 


Remarks 


Silicates  or  phosphates  of  lith- 
ium do  not  become  alkaline  after 
ignition  like  strontium  minerals. 


Red 


Crimson 


Strontium 


Red 


Yellowish 

to 

orange 


Calcium 


Yellow 


Intense 


Green 


Yellowish 


Green 


Yellowish 


Green 


Green 


Bright, 
somewhat 
yellowish 


Emerald 


Sodium 


Barium 


Molybdenum 


Boron 


Copper 

oxide, 

iodide, 

and  bromide 


Green 


bhi'ish     I  P»»°«Ph"rus 


Green 


Green 


Bluish 


Zinc 


Pale 


Blue     i      Azure 

I 


Tellurium, 

Antimony, 

Lead 

Copper 
chloride 


Carbonates  and  sulphates  be- 
come alkaline  after  reaction.  Sili- 
cates and  phosphates  do  not  give 
crimson  flame. 


This  color  is  best  brought  out 
by  moistening  assay  with  hydro- 
chloric acid,  although  this  is  not 
always  necessary. 

A  delicate  test.  Flame  color 
cannot  be  seen  through  moder- 
ately dark-blue  glass. 


Carbonates  and  sulphates  show 
the  reaction  and  become  alkaline. 
Silicates  and  phosphates  do  not 
give  barium  flame. 


In  the  form  of  oxide  or  sulphide. 

Rarely  show  alkaline  reaction 
after  ignition.  The  test  with 
turmeric  paper  di{)ped  in  hydro- 
chloric acid  is  decisive. 


After  moistening  assay  with 
hydrochloric  acid,  the  flame  be- 
comes azure-blue,  with  green 
tinge. 

Not  very  decisive.  Merely  a 
guide  for  the  identification  of 
phosphorus. 

Appears  as  bright  streaks  in  the 
flame. 


The  outer  darts  of  the  flame  are 
tinj^cd  with  emtTald-green. 
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TABIiE  n-iContinued) 


Color 
Blue 


Blue 


Shade 


Azure 


Pale 
azure 


Element 


Selenium 


Lead 


Remarks 


Accompanied  by  a  characteristic 
odor. 


Perceptibly  tinged  with  green  in 
the  outer  parts. 


Pale 


Arsenic 


Greenish 


Phosphorous 
antimony 


Pale 


Potassium 


Can  be  detected  when  sodium  is 
"present  by  means  of  blue  glass. 


TABIiB   III 
COLOR   CHAIfGE,    HEATED   IN   CLOSED   TUBE 


'^''ia/  Color 


\or  tyl\^^ 


"qriEitr'^^ 


Color  After  Heating 


Hot 


Black 


Black 


Black 


Black 


Dark 

yellow 

to  brown 


Pale 
canary 
yellow 


Cold 


Black 


Copper 
minerals 


Black 


Black 


Iron  minerals 


Manganese 

and  cobalt 

minerals 


Dark  red     Ferric  oxide 


Pale 
yellow   I 
to  white  I 


Lead  and 
bismuth 
minerals 


White 


Zinc  minerals 


Remarks 


These  changes 
usually  occur  when 
theoxidesof  metals 
are  produced  b  y 
heating. 
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TABLE    IV 
8UBMMATE8  PRODUCED   IX  THE   CL.08ED  TUBE 


Color  and  Condition 

Substance 

Hot 

Cold 

Remarks 

Colorless  liq- 
uid ;  easily  vo  - 
atile. 

Colorless 
liquid, 

Water,  H^O 

From  minerals  containir 
of  crystallization.  May  be 
acid,  and  rarely  alkaline. 

Pale    yellow 
to  colorless  liq- 
uid; difficultly 
volatile. 

Colorless  to 
white  globules. 

Tellurous 
oxide,  TeOx 

From  tellurium  and  a  fc 
compounds. 

Red  to  dark 
yellow    liquid; 
readily  volatile. 

Yellow    and 
crystalline  sol- 
i  d  ;    nearly 
white  when  in 
small  quantity. 

Sulphur,  5 

From  native  sulphur  ai 
sulphides.  Many  sulphide 
decomposed  in  a  closed  tut 

Deep-red,  al- 
most black  liq- 
u  i  d  ;     readily 
volatile. 

Reddish-yel- 
low, solid. 

Sulphides  of 
arsenic 

Realgar,  AsS,  orpiment 
and  some  compounds  co 
sulphur  and  arsenic. 

Black;    diffi- 
cultly volatile, 
solid. 

Reddish- 
brown. 

Oxysulphide 
of  antimony 

From  sulphides  of  antim< 
some  of  its  compounds  wit 
antimonites. 

Brilliant  black,  solid;  often 
gray  and  crystalline  near  the 
heated  end. 

Arsenic,  As 

If  the  tube  is  broken  o 
the  deposit  and  the  sublini; 
tilized  the  characteristic  ga 
may  be  obtained. 

Brilliant  black,  solid 

Mercury 
sulphide.  ti^S 

If  the  sublimate  is  remo 
rubbed  fine  it  yields  a  red 

Black  fusible  globules.     The 
smallest   ones  transmit  a  red- 
dish light. 

Selenium,  .SV 

From  selenium  and  son 
ides.  Usually  there  are  also 
of  selenious  dioxide,  SeOi, 

Black  fusible  globules 

Tellurium,   Te 

From  tellurium  and  sor 
rides.  Fused  tellurous  oxi 
ules,  7V(7a.  often  present. 

Gray  metallic    globules, 
which  may  be  united. 

Mercury,  11  jr 

From  native  mercury  ai 
gams. 

White,  solid 

Chlorides  of 
lead  and  anti- 
mony.   Oxides 
of  arsenic  and 
a  n  t  i  m  o  n  y  . 
Ammonia 
salts. 
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TABIiE   V 
SUBLIMATES  PRODUCEW  IN   THE   OPEN  TUBE 


Color  and 
Character 

Substance 

Remarks 

Black;  volatile 

Arsenic    and 
sulphide  of  Hg. 

These  sublimates  frequently  re- 

Brown 

Antimony 
oxysulphide. 

sult  from  too  rapid  heating,  but 
they  will  not  form  if  the  open-tube 
test  is  made  properly  with  sufficient 

Yellow  or 
oranee,  easily 
volatile. 

Sulphur  and 
sulphides  of  ar- 
senic. 

draft  for  complete  oxidation  of  the 
minerals. 

Red;  volatile 

Selenium,  Se 

Pale    yellow 
while  hot,  white 
when  cold. 

Molybdenum 
trioxide,  MoO^ 

Forms  slowly  when  molybdenum 
oxide  or  sulphide  is  heated,  and 
collects  as  a  network  of  fine  crystals. 

White;  readily 
volatile   and 
crystalline. 

Arsenious 
oxide,  As^Oi 

Sublimate  forms  as  a  crystalline 
ring. 

White;  readily 
volatile    and 
crystalline. 

Selenious 
dioxide,  SeO% 

Sublimate  appears  as  radiating 
prismatic  crystals,  often  accom- 
panied by  a  little  finely  divided 
selenium,  which  is  red. 

White  to  pale- 
yellow  globules; 
slowly  volatile. 

Tellurous 
oxide,  7>^, 

White;  slowly 
volatile    and 
crystalline. 

Antimonous 
oxide,  Sb^Oi 

Obtained  from  antimony  and  its 
compounds,  which  do  not  contain 
sulphur. 

Pale  straw-yel- 
low   while    hot ; 
white  when  cold ; 
infusible,    non- 
volatile,  and 
amorphous. 

Antimony 
tetroxide,  Sh^O^ 

Obtained  from  sulphide  of  anti- 
mony as  a  dense  white  smoke. 

White;    non- 
volatile   and 
infusible. 

Sulphite  and 
sulphate  of  lead. 

Obtained  from  sulphide  of  lead 
as  a  slight  deposit. 

Gray    metallic 
globules;  vola- 
tile. 

Mercury,  Hg 

By  rubbing  the  minute  globules 
with  a  strip  of  paper  they  may  be 
made  to  unite. 
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TABIiE    VI 
SUBLIMATES   ON   CHARCOAL. 


Color  and  Character 


Near  the  Assay 


White ;  very 
tile  and   most 
away  from  assay. 


vola- 
tly 


Steel-gray;  faint 
metallic  lustre,  very 
volatile. 


White ;  very  vola- 
tile and  mostly  dis- 
tant from  assay. 


Dense   white 
volatile. 


Dense   white; 
volatile  near  assay. 


Canary  -  yellow 
when  hot;  white 
when  cold.  Not 
volatile  in  the  oxi- 
dizing flame. 


Faint  yellow  to 
white  when  hot ; 
whit  e  when  cold. 
Not  volatile  in  the 
oxidizing  flame. 


Pale  yellow  while 
hot ;  w  h  i  t  e  w  h  e  n 
cold,  sometimes  dis- 
tinctly  crystalline. 
Volatile  in  O.  F. 

Yellow  while  hoi ; 
straw  color  w  h  e  n 
cold.  \'olatile  in 
both  flames. 


Distant  from  the 
Assay 


White 
grayish. 


to 


White,  fre- 
quently tinged 
with  red. 


White  and 
not  very  pro- 
nounced. 


Gray,  some- 
times slightly 
brownish. 


Bluish 


Faint  white 


Faint  white 


Bluish 


Dense  white 
with  bluish- 
white  border. 


Substance 


Arsenious 
oxide,  As^Ot 


Selenious 
oxide,  SeO%. 
The  red  is 
selenium. 


Oxide  of 
thallium,  77,0 


The  white  is 
tellurous  ox- 
ide, TeO^.  The 
gray  is  tel- 
lurium. 


Oxides  of 
antimony 


Zinc 
oxide,  ZnO 


Tin 
dioxide,  SttO^ 


Molybdenum 
trioxide,  M0O3 


Remarks 


Obtained  when  arsenic  or  its 
sulphides  and  arsenides  are 
roasted  in  the  oxidizing  flame 
Often  a  garlic  odor. 


Obtained  by  roasting  sele- 
nides  in  the  oxidizing  flame 
A  peculiar  odor  is  emitted 
belonging  to  selenium. 


The  sublimate  heated  in  the 
reducing  flame  volatilizes,  and 
imparts  a  green  color  to  flame. 


The  sublimate  volatilizes  in 
the  reducing  flame,  and  im- 
parts a  green  color  to  it 


Obtained  when  the  oxides 
and  sulphides  of  antimony  are 
roasted  in  the  oxidizing  flame. 


Some  zinc  minerals  give  a 
zinc  oxide  coating,  which  if 
moistened  with  cobalt  nitrate 
becomes  green. 


The  coating  moistened  with 
cobalt  nitrate  and  ignited 
assumes  a  bluish -green  color. 


A  copper-red  sublimate  of 
MoOi  deposits  nearer  the  assay 
than  AfoOi.  Coating  touched 
for  an  instant  with  R.  F.  be- 
comes azure-blue  color.     . 


A  mixture  of  This  sublimate  resembles 
oxide,  sulphite  j  that  of  antimony;  forms  when 
and  sulphate  galena  and  other,  lead  sul- 
of  lead.  phides  are  heated. 
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TABIiE  Yl— (Continued) 


Jolor  and  Character 

le  Assay 

Distant  from  the 
Assay 

Substance 

Remarks 

.'How  when 
lur-yellow 
1.   Volatile 
ames. 

1 
Bluish-white        Leadoxide. 

The  coating  when  moistened 
with  hydriodic  acid  and  heated 
is  changed  to  volatile  yellow- 
ish-green lead  iodide. 

>range-yel- 

ile    hot  ; 

iillow  cold. 

in    both 

Greenish- 
white 

Bismuth 
oxide,  Bi'iOt 

The  coating  is  changed  to 
volatile  chocolate-brown  bis- 
muth iodide  when  moistened 
with  hydriodic  acid  and 
heated. 

,   almost 
langing  in 
iistance  to 
>rown.  Vol- 
Hh  flames. 

Yellow 

Cadmium 
oxide,  CiiO 

Forms  in  thin  deposit;  the 
coating  shows  an  iridescence 
like  peacock  feathers. 

h  to  deep 

Silver  when 
accompanied 
by   lead    and 
antimony. 

Pure  silver  when  heated 
alone  -on  charcoal  for  a  long 
time  gives  a  slight  brownish 
coat. 

TABIiK    VII 
REACTIONS    WrrH   COBAr.T    NITRATE 


Substance 


Remarks 


ink   or  '      Magnesia,  M^O,  and  salts 
•r.  I  contaming  Mg. 


The  color  is  only  distinct  when 
pure  compounds  are  tested. 


seen:      Zinc  oxide,  ZnO,  and  com- 
n  cold.    ,  pounds  containing  Zn. 


Test  may  be  applied  to  frag- 
ments of  mineral  or  to  the  coating 
on  charcoal. 


green 


Oxide  of  tin,  SnO% 


Observed  <m  testing  a  coat  on 
charcoal. 


larine-  Aluminum  oxide,  .1/^(^3, 

je  and  compounds  containing  it. 


The  best  test  for  aluminum,  but 
must  not  betaken  forsilicateof  zinc. 


larme- 
Je 


Silicates  of  zinc 


Due  to  fusible  silicate  of  cobalt. 


green 
h-green 
•let  , 


Oxide  of  antimony 


Oxide  of  titanium 
Oxide  of  silicon  (quartz) 


nder 


Oxide  of  beryllium 


These  colors  are   rather  indis- 
tinct and  not  very  satisfactory. 


♦.I  *;« 
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TABIiE   Vin 
REACTIONS  OBTAINED   WITH   BORAX 


Oxidising  Flame 

Produced  by 
Oxides  of 

Reducing:  Flame 

Hot 

Cold 

Hot 

Cold 

Colorless 

Colorless 

Silicon,   tin, 
aluminum. 

Colorless 

Colorlej 

Colorless 

Colorless     t  o 
opaque  white,  de- 
pending on  the 
degree   of    satu- 
ration. 

Calcium,  bar- 
ium, magnesium, 
strontium,    zinc, 
beryllium,  etc. 

Colorless 

Colorless 
opaque  wl 

Colorless  or 
white 

Lead,  antimony, 
or  cadmium. 

Pale  yellow 

Colorle? 

Pale 

Bismuth 

Gray 

Gray 

yellow 

Molybdenum 

Brown 

Brown 

Tungsten 

Yellow 

Yellowish  t 

Titanium 

Grayish 

Brownish  \ 

Nearly  colorless 

Iron  and  uranium 

Pale  green 

Nearly  colo 

Pale  yellow 

Cerium 

Colorless 

Colorles 

Yellow 

Yellowish-green 

Chromium 

Green 

Green 

Yellowish-green, 
almost  colorless 

Vanadium 

Dirty  green 

Fine  gre< 

Yellow 

Cerium           |        Colorless 

Colorles 

Deep 

yellow  to 

orange 

red 

Yellow 

Iron             1     Bottle-green 

Pale  bottle-g 

Yellow 

Uranium 

Pale  green 

Pale  green. : 
ly  colorle 

Yellowish-green 

Chromium 

Green 

Green 

Blue 

Copper 

Colorless  to 
green 

Opaque  red. 
much  oxi< 

Grt-rn 

Various  shades 
yellow,  green, 
and  blue. 

Iron,    copper, 
nickel,  cobalt. 

Hluc 
Violet 
VioU't 

Blue 

Cobalt 

Blue 

Blue 

Reddish -brown 

Nickel 

Opaque  gray 

Opaque  Gi 

Reddish-violet 

Manganese 

Colorless 
Pale  rose 

Colorles 

Pale  rose 

Pale  rose 

Didymium 

Pale  ro9 
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TABTjE    IX 
REACTIOXS  OBTAINED   "VVITH  PHOSPHOROFS  SAI^T 


Oxidizing  Flame 

Produced  by 
Oxides  of 

Keducinic  Flame 

Hot 

Cold 

! 

Cold 

tlorless 

Colorless  to 
opaque  white 

Calcium, 
strontium, 
barium,  mag- 
nesium, tin, 
silicon,  zinc, 
aluminum 

Colorless 

Colorless  to 
opaque  white 

Colorless 

Tantalum, 
cadmium 

Very  pale 
yellow 

Colorless 

r  r  pale 
ellow 

Antimony, 
lead,  bismuth 

Gray 

Gray 

Columbium 

Brown 

Brown 

e  yellow 

Colorless 

Tungsten 

Dirty  blue 

Fine  blue 

Titanium 

Yellow 

Violet 

Colorless 

Uranium 

Pale  dirty  green 

Fine  green 

rellow 

Iron 

Very  pale 
yellowish-green 

Colorless 

Uowish- 
grten 

Colorless 

Molybdenum 

Dirty  green 

Fine  green 

tp  yellow 
irownish- 
red 

Yellow  to 
almost  colorless 

Iron 

Red,  yellow  to 
yellowish-green 

Almi^t  color- 
less to  very 
pale  violet 

ellow  to 
ep  yellow 

Yellow 

Vanadium 

Dirty  green 

Fine  green 

eddish  to  i       Yellow  to 
nrnish-red!  reddish-yellow 

Nickel 

Reddish  to 
brownish-red 

Yellow  to 
reddish-yellow 

Green       i 

! 

Rather  pale  blue 

Copi>er 

Pale  yellowish- 
green 

Pale  blue,  color- 

less  and  ruby 

red 

Yellow,  green 

or  blue  of 
various  shades 

Mixtures  of 
iron,  copper, 
cobalt,  nickel 

^k  green               Blue            |          C(»p[)er           Brownish-green 

Opaque  red 

frtjr  green         Fine  green      i      Chromium       |      Dirty  green     I       Fine  green 


Blue 


Blue 


Gfijrigh- 
Tk)let 


Violet 


hie 


rose 


Pale  rose 


Ci>balt 
Manj^anese 
Di<lvmium 


Blue 


Blue 


Colorless        |        Colorless 


I        Pale  rose 


Pale  rose 
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MINERALOGY 

(PART  1) 


Mll^^ERALS  AND  THEIR  PROPERTIES 


INTRODUCTION 

1,  A  mineral  is  any  substance,  either  elementary  or 
compound,  of  definite  or  approximately  definite  composi- 
tion, making  up  the  lithosphere,  exclusive  of  living  animal 
and  vegetable  matter.  Although  usually  solid,  minerals 
may  exist  in  a  gasjpous,  liquid,  or  viscid  state.  Water  is  a 
mineral  that  solidifies  at  32°  F.  and  is  converted  into  a  gas 
at  a  temperature  somewhat  exceeding  212°  F.  Petroleum, 
asphalt,  and  coal  are  minerals,  although  coal  is  of  undoubted 
vegetable  origin.  Some  fossils  are  minerals.  Hence,  min- 
erals are  either  the  uncombined  elements  in  a  native  state 
or  compounds  of  these  elements  formed  in  accordance  with 
chemical  laws,  but  without  vegetable  or  animal  life. 

Most  rocks  are  mixtures  of  more  than  one  mineral,  usually 
so  blended  that  the  composition  may  be  difficult  to  name  and 
classify;  for  instance,  granite,  which  is  composed  of  three 
minerals— -or thoclase,  mica,  and  quartz.  There  are  a  few 
rocks — like  obsidian,  limestone,  and  coal — that  consist  so 
nearly  of  a  single  mineral  that  they  may  be  said  to  be  com- 
posed of  one  mineral.  Vn  addition  to  the  regular  mineral 
combinations  in  rocks,  accessory  minerals  are  usually  encoun- 
tered here  and  there  through  their  texture.  In  s6me  cases 
the  original  minerals  have  been  decomposed  and  the  elements 
replaced  by  a  process  called  vietasotnatosis^  so  that  they  have 
formed  quite  large  masses — such  as  some  of  the  iron,  zinc. 

For  notice  of  copyright,  see  page  immediately  following  the  title  page. 
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and  copper  ore  deposits.     However,  these  minerals  usually 
contain  some  of  the  elements  in  the  original  mineral. 

It  is  the  object  of  mineralogy  to  learn  how  to  distinguish 
the  various  minerals  when  they  are  presented  for  identifica- 
tion. Many  rare  minerals  have  no  commercial  importance ; 
these  are  not  mentioned,  as  it  is  the  object  in  general  to 
confine  the  subject  to  those  minerals  that  have  some  com- 
mercial value. 

2,  Identlflcatlon  of  Minerals. — To  determine  a  min- 
eral definitely  one  must  test  it  to  ascertain  its  chemical 
composition  and  its  physical  characteristics.  In  the  careful 
preliminary  examinations  of  a  mineral  specimen,  the  exam- 
iner will  naturally  first  notice  the  physical  characteristics^ 
such  as  crystalline  form,  structure,  color,  streak,  transpar- 
ency, luster,  tenacity,  feel,  cleavage,  fracture,  hardness, 
specific  gravity,  and  taste.  If  the  specimen  be  of  sufficient 
size,  the  weight  will  give  some  idea  of  the  specific  gravity. 
These  different  physical  characteristics  vary  greatly  in 
minerals ;  thus  the  luster  and  color,  which  are  characteristic 
of  some,  are  absent  in  others.  Consequently  these  properties 
are  important  for  their  identification. 

3.  Nomenclature. — The  termination  ites  or  itis  was  first 
originated  as  a  suffix  for  the  names  of  stones  by  the  Romans. 
In  English,  the  s  has  been  dropped  and  ite  used  as  a  suffix 
for  the  singular;  for  instance,  hematite,  chlorite,  cryolite, 
etc.  In  recent  years  it  has  been  customary  to  introduce  into 
mineralogy  the  names  of  those  people  who  have  discovered 
a  new  mineral;  for  instance,  torbernite,  named  after  the  dis- 
coverer, Torbern.  There  are,  however,  minerals  that  do  not 
have  the  termination  ite;  for  instance,  quartz,  garnet,  gyp- 
sum, etc. ;  while  the  names  of  metals,  gems,  etc.,  that  are 
a  part  of  general  literature  remain  unaltered.  Mica  and 
feldspar,  names  equally  old  with  quartz,  refer  to  groups  of 
minerals  and  are  no  longer  applied  to  particular  species. 
The  termination  inc  has  been  adopted  for  a  few  minerals, 
such  as  tourmaline  and  ser[)entine,  but  most  of  the  names 
are  systematically  terminated  in  ite. 
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PHYSICAIi  CHARACTERISTICS   OF  MINERAIiS 

4.  Transparency. — The  property  of  transmitting  light 
that  is  possessed  by  most  mineral  substances  to  a  greater  or 
less  degree,  is  termed  transparency.  Minerals  are  trans- 
parent when  the  outlines  of  objects  viewed  through  them  are 
distinct;  subtransparent^  when  objects  are  seen  but  have 
indistinct  outlines;  translucent  when  light  is  transmitted 
but  objects  cannot  be  seen ;  snbtranslncent  when  merely  the 
edges  transmit  light;  and  opaque  when  no  light  is  trans- 
mitted at  all. 

6,  Color  and  Streak. — In  distinguishing  minerals,  both 
the  external  color  and  the  color  of  a  surface  that  has  been 
scratched  with  a  knife  or  file  or  the  color  of  the  powdered 
mineral  are  observed.  The  latter  is  called  the  streak  and 
is  best  obtained  for  most  minerals  by  the  use  of  a  streak  plate, 
which  is  a  piece  of  unglazed  porcelain.  The  colors  are  either 
metallic  or  non-metallic;  the  metallic  are  named  after  some 
familiar  metal  as  copper-red,  bronze-yellow,  brass-yellow, 
steel-gray,  lead-gray,  iron-black,  etc. 

6,  The  luster  of  minerals  depends  on  their  power  of 
reflecting  light,  and  consequently  the  nature  of  their  sur- 
faces. The  kind  of  luster  is  usually  designated  by  one  of 
the  following  terms: 

Metallic  is  the  ordinary  luster  of  metals.  An  imperfect 
metallic  luster  is  described  as  submetallic. 

Vitreous  is  the  luster  of  broken  glass.  Imperfectly  vitre- 
ous luster  is  called  snbvitrcous.  This  is  the  characteristic 
luster  of  quartz. 

Resinous  is  the  luster  of  ordinary  rosin.  It  gives  the  name 
**  Rosin  Jack  "  to  some  varieties  of  zinc  blende. 

Greasy,  looking  as  if  smeared  with  oil  or  grease;  this 
luster  is.  occasionally  observed  in  quartz,  and  in  some  vari- 
eties of  serpentine  and  steatite. 

Pearly,  like  pearl;  it  is  frequently  found  in  such  minerals 
as  mica,  talc,  and  gypsum,  which  are  made  up  of  very  thin 
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leaves,  or  layers.  Pearly  luster  combined  with  submetallic 
luster  forms  metallic-pearly  luster. 

Silky^  like  silk,  is  the  result  of  a  fibrous  structure,  like 
that  of  asbestos,  or  of  fibrous  gypsum. 

Adamantine^  the  luster  of  the  diamond.  Minerals  having 
th;-;  luster  may  also  be  submetallic;  jh  such  cases  the  luster 
is  called  vietallic-adamantine,  Cerussite  and  pyrargyrite 
have  such  a  luster. 

Besides  the  different  kinds  of  luster,  there  are  different 
degrees  of  intensity  of  luster,  depending  on  the  clearness  of 
the  reflection.     These  are: 

Splendent,  when  the  surface  is  a  perfect  mirror,  reflecting 
light  with  great  brilliancy,  and  giving  well-defineci  images. 

Shining,  when  an  image  is  produced,  but  not  a  clearly 
defined  image. 

Glistening,  or  sheeny,  when  there  is  a  general  reflection  of 
light  from  the  whole  surface,  but  no  image. 

Glimviering,  when  the  reflection  is  very  imperfect,  and 
the  reflected  light  comes  to  the  eye  not  from  the  entire  sur- 
face, but  from  a  number  of  separate  points  scattered  over 
the  surface. 

Where  there  is  a  total  absence  of -luster  the  mineral  is  said 
to  be  dull,  or  earthy.  Chalk  is  a  good  example  of  this 
condition. 

7.  The  feel  (or  feeling)  of  a  substance  is  of  importance 
in  the  case  of  a  few  minerals,  such  as  talc  and  the  talcose 
minerals.  It  will  be  readily  recognized  from  the  terms  used 
to  define  it,  as  greasy,  smooth,  harsh,  gritty,  etc. 

8.  Structure. — Among  minerals  will  be  found  a  variety 
of  structure.  Most  mineral  specimens  are  aggregations  of 
imperfect  crystals.  Even  those  whose  structure  to  the 
naked  eye  appears  destitute  of  crystallization  are  probably 
composed  of  impalpable  crystalline  grains.  The  structure 
of  a  mineral  is  said  to  be: 

Colli  ffinar,  when  it  is  made  up  of  slender  columns  or  fibers. 
The  several  varieties  of  columnar  structure  are  classified  as 
follows:  {a)  Fibrous,  when  the  columns  or  fibers  are  parallel, 
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a.s  in  asbestos;  (t)  reticulated^  when  the  fibers  cross  in 
v^r~ious  directions,  and  assume  a  net-like  appearance  ; 
(^)  stellated^  when  the  fibers  radiate  from  the  center  and 
produce  star-like  forms  ;  (d)  radiated^  when  the  fibers 
ra.c3iate  from  a  center  without  producing  star-like  forms,  as 
soimetimes  in  stibnite.     • 

^amellar^  when  it  consists  of  plates,  or  leaves.  These 
lea.Yes  may  be  curved  or  straight;  in  either  case  the  struc- 
tvire  is  so  described;  and  they  may  also  be  very  thin  and 
ea^sily  separable — a  micaceous  structure. 

Gramdar^  when  it  is  composed  of  crystalline  grains.  If 
ttie  grains  are  not  to  be  distinguished  by  the  naked  eye,  the 
structure  is  said  to  be  impalpable, 

X>ru5y^  when  'covered  with  fine  crystals  so  that  the  surface 
is    rough  like  sandpaper. 

Different  minerals  also  assume  many  imitative  forms; 
these  are:  Reniform^  kidney-shaped;  botryoidal^  like  a  bunch 
^f  grapes  ;  mammillary^  breast-shaped,  resembling  botry- 
^icial,  but  composed  of  larger  prominences;  dendritic^ 
^ranching,  tree-like;  filiform  or  capillary^  very  long  and 
slander  crystals,  like  a  thread  or  hair;  acicular^  slender  and 
'^*S"i<5,  like  a  needle;  stalactitic  and  stalagmitic,  like  the 
^^«ilactites  and  stalagmites  found  on  the  roofs  and  floors, 
respectively,  of  caves. 

©•  Cleavagre. — Most  minerals  have  certain  directions  in 
'^J^ich  they  yield  most  readily  to  a  blow;  this  tendency  to 
"*"^ak  in  the  direction  of  certain  planes  is  called  cleavagre. 
^*^e  different  degrees  of  cleavage  are  classified  as  follows: 

J^erfect; or  emincpit,  when  obtained  with  great  ease,  afford- 
*^  S  smooth,  lustrous  faces,  as  in  calcite,  mica,  and  galena, 
^xninent  is  used  only  in  reference  to  the  most  perfect  and 
P*"onounced  cleavage. 

J)istinct^  when  obtained  with  tolerable  ease,  and  with 
'^irly  good  cleavage  faces,  but  neither  so  easy  nor  so  com- 
plete as  perfect  cleavage. 

Indistinct,  when  obtained  with  some  difficulty,  and  the 
cleavage  faces  and  angles  are  not  well  defined. 
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Difficult,  when  obtained  only  with  considerable  difficulty, 
and  barely  discernible.  Cleavage  of  this  sort  is  very  apt  to 
be  only  in  traces;  that  is,  with  a  bit  of  cleavage  face  show- 
ing here  and  there. 

Interrupted,  when  the  cleavage  face  discontinues  abruptly, 
only  to  be  continued  in  another  cleavage  plane  parallel  to 
the  first.  This  condition  may  occur  in  minerals  having 
perfect  or  distinct  cleavage. 

The  inferior  degrees  of  cleavage  are  of  themselves  of  no 
value  in  identifying  minerals;  but  the  absence  of  cleavage, 
or  very  poor  cleavage,  will  sometimes  serve  to  distinguish  a 
mineral  from  minerals  similar  to  it  in  appearance,  but 
having  more  pronounced  cleavage. 

10,  Fracture. — The  term  fracture  is  used  to  define 
the  surface  obtained  by  breaking  a  specimen  in  any  direc- 
tion except  along  a  cleavage  plane.  The  different  kinds  of 
fracture  have  been  classified  as  follows: 

Conchoidal,  when  the  mineral  breaks  so  as  to  give  a 
curved  or  shell-like  surface. 

Even^  when  the  fractured  surface  is  approximately  regu- 
lar, though. perhaps  somewhat  rough. 

Uneven^  when  the  fractured  surface  is  irregular  and 
rough. 

Fracture  is  characteristic  of  a  few  minerals  only,  and 
then,  like  the  inferior  degrees  of  cleavage,  is  valuable  to 
distinguish  minerals  from  others  having  a  similar  appear- 
ance but  a  different  fracture. 

11.  By  hardness  is  meant  the  resistance  that  a  mineral 
offers  to  abrasion.  Thus,  talc  can  be  scratched  by  the 
finger  nail,  while  the  diamond  is  the  hardest  substance 
known.  As  minerals  differ  in  this  characteristic,  and  as 
each  has  usually  a  more  or  less  constant  hardness,  Moh 
arranged  a  scale  to  measure  the  different  degrees  of  resist- 
ance to  abrasion  offered  by  minerals  as  follows: 

1.  Talc^  easily  scratched  by  the  finger  nail. 

2.  Gypsum,  scratched  with  difficulty  by  the  finger  nail; 
does  not  scratch  a  copper  coin. 
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3.  Calcite^  scratches  pure  copper;  not  scratched  by  the 
finger  nail. 

4.  Fluoritey  not  scratched  by  a  copper  coin;  does  not 
scratch  glass. 

5.  Apatite^  scratches  glass  with  difficulty;  easily 
scratched  by  a  knife. 

6.  Feldspar  {orthoclase,  etc.),  scratched  with  difficulty 
by  a  knife;  scratches  glass  easily. 

7.  Quarts^  not  scratched  by  a  knife;  yields  with  diffi- 
culty to  a  file. 

8.  TopaZy  harder  than  quartz;  very  few  substances  are 
as  hard  as  this. 

9.  Corundum^  hardest  substance  known  except  the 
diamond. 

10.  Diamondy  the  hardest  substance  known. 

The  hardness  of  any  mineral  is  determined  by  ascertain- 
ing a  point  in  the  scale  such  that  the  given  mineral  will 
scratch  any  mineral  in  the  scale  below  that  point,  and  will 
be  scratched  by  any  mineral  above  the  point.  If  no  set  of 
minerals  comprising  the  scale  of  hardness  is  available,  a 
mineral  may  be  tested  very  well  by  the  finger  nail,  copper 
coin,  and  knife.  In  case  a  mineral  will  scratch  the  mineral 
in  the  scale  below,  but  is  scratched  by  the  mineral  in  the 
scale  next  above,  its  hardness  is  said  to  be  half  way  between 
the  two,  and  is  written,  for  instance,  as  3.5,  4.5,  etc. 

1!8#  The  tenacity  of  a  substance  is  the  persistency  with 
which  its  particles  cling  together.  This  is  different  in 
different  substances,  but,  like  hardness,  is  more  or  less  con- 
stant for  any  one  substance.  The  different  degrees  of 
tenacity  have  been  classified  as  follows: 

Brittle^  when  the  substance  flies  to  pieces  under  a  sharp 
blow,  and  p)owders  under  the  edge  of  a  knife  in  the  attempt 
to  cut  it,  like  galena. 

Sectile^  when  pieces  may  be  cut  off  with  a  knife  without 
falling  to  powder,  but  the  substance  still  goes  to  pieces 
under  the  hammer.  This  is  really  a  condition  intermediate 
between  brittle  and  malleable. 
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Malleable^  when  the  substance  can  be  beaten  out  under 
the  hammer  without  flying  to  pieces,  like  gold. 

Ductile^  when  the  substance  can  be  extended  or  drawn 
out  by  tension,  as  in  wire  drawing.  Ductility  is  only 
another  phase  of  the  same  property  as  malleability,  and  is 
possessed  to  a  remarkable  degree  by  gold,  silver,  iron,  and 
copper,  and  some  of  the  rarer  metals. 

Flexible^  when  the  substance  can  be  bent.  Substances 
which  are  malleable  and  ductile  are  usually  also  flexible. 

Elastic^  when  the  substance  can  be  bent  or  otherwise 
distorted,  but  returns  to  its  original  form  as  soon  as  the 
distorting  force  is  removed.  Steel  is  remarkably  elastic. 
Highly  elastic  substances  are  usually  more  or  less  brittle. 

13,  The  specific  ijfravlty  of  a  substance  is  the  ratio  of 
the  weight  of  a  given  volume  of  that  substance  to  the  weight 
of  an  equal  volume  of  another  substance,  whose  speciflc 
gravity  is  assumed  to  be  unity  (1).  Water  is  the  accepted 
standard,  and  its  specific  gravity  is  consequently  considered 
as  1  (or  unity).  The  specific  gravity  of  a  mineral  may  be 
determined  thus: 

Find  the  weight  of  the  fragment  out  of  water,  just  as  you 
would  weigh  anything  else;  this  weight  =  w.  Then  sus- 
pend the  fragment  by  a  fine,  silk  thread  to  the  balance 
beam,  submerge  it  in  water  and  weigh  again;  this  weight 
=  ii\.  Since  the  loss  of  weight  of  a  solid  submerged  in 
water  is  equal  to  the  weight  of  the  volume  of  water  dis- 
placed, w  —  u\  =  the  weight  of  a  volume  of  water  equal  to 
the  volume  of  the  mineral,  and  the  specific  gravity  of  the 

mineral  = . 

w  —  tt', 

The  weights  should  be  accurately  taken  on  a  good  chem- 
ical balance,  and  the  water  should  be  distilled;  and  as  the 
density  of  water  varies  with  its  temperature,  in  order  to 
obtain  uniform  results  60°  F.  has  been  adopted  as  a  con- 
venient temperature. 
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EXAMINATION  OF  MINERAL 
SPECIMENS 


CRYSTAIiliOGRAPHY 

14.  Introduction. — In  the  preliminary  examination 
of  mineral  specimens,  the  student  must  note  clearly  all 
striking  physical  characteristics;  the  hardness  should  be 
determined,  and  the  specific  gravity,  as  nearly  as  possible, 
with  the  appliances  at  hand.  These  results  will,  of  course, 
suggest  to  the  student  more  or  less  about  the  specimen, 
according  to  his  familiarity  with  minerals.  Finally,  the 
specimen  should  be  thoroughly  examined  before  the 
blowpipe,  when  it  can  be  determined  with  reasonable 
certainty. 

16,  Crystals. — When  chemical  compounds  solidify  from 
a  state  of  fusion,  solution,  or  vapor  they  have  a  tendency  to 
assume  regular  geometrical  {^polyhedral)  forms  bounded  by 
plane  faces;  such  forms  are  called  crystals.  The  process  of 
assuming  this  crystalline  form  is  called  crystallization. 
Different  substances  crystallize  with  greater  or  less  ease 
according  to  their  composition  and  physical  condition; 
while  the  forms  of  crystals  differ  with  different  substances 
and  with  the  same  substance  under  different  conditions,  but 
usually  each  mineral  has  a  definite  crystallization,  by  which 
it  may  often  be  distinguished. 

Crystallography  is  the  science  that  treats  of  the  forms 
and  structure  of  crystals,  and  as  minerals  often  occur  in 
crystalline  form,  a  knowledge  of  crystallography  is  of  great 
importance  in  their  identification. 

16,  Crj'Stal  Structure. — The  most  noticeable  charac- 
teristic of  all  crystals  is  their  superficial  appearance.     It  is 
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true  that  mineral  crystals  are  rarely  perfect,  but  even  wh^ 
greatly  distorted  and  some  of  the  faces  entirely  obliterate^ 
it  can  be  seen  that  they  were  developed  from  perfect  form 
The  regular  external  form  of  crystals  results  from 
regular  internal  structure  in  which  the  particles  of  matte 
making  up  the  body  are  similaily  grouped  along  parallc 
lines  or  planes.  This  structure  can  be  shown  to  exist  i 
crystalline  bodies,  even  when  distinct  crystals  are  wanting 
by  the  cleavage;  by  the  power  of  transmitting  light  and  con 
ducting  heat  and  electricity,  which  are  always  the  same  ii 
parallel  directions  but  may  or  may  not  be  the  same  in  direc 
tions  not  parallel;  and  by  the  corresponding  luster  an< 
color  of  parallel  surfaces.  In  homogeneous  bodies,  in  whic 
there  is  no  regularity  of  structure,  these  properties  are  no 
exhibited.  For  example,  a  piece  of  glass  shows  none  c 
these  properties  regularly  in  one  direction  to  a  differen 
degree  than  in  another.  Such  substances  are  said  to  b 
amorplious ;  that  is,  without  form.  The  same  substance 
may  occur  under  differing  conditions  in  either  the  cryst^! 
line  or  amorphous  state.  Sometimes  substances  are  foun 
in  crystals  of  a  form  belonging  to  another  substance;  sue 
crystals  are  called  psctuiomorphs,  or  false  forms.  Pseudc 
morphs  are  formed  by  the  chemical  change  of  a  crystal  b 
which  it  becomes  converted  into  some  other  mineral.  Sue 
crystals  are  said  to  be  pseudomorphous  after  the  origins 
substance. 

17.  Properties  of  Crystals. — The  growth  of  crystals  i 
due  to  additions  of  successive  layers  of  the  substance  cone 
posing  them,  on  the  outside,  in  such  a  manner  as  to  develo 
the  plane  faces  of  the  crystals.  The  number  of  faces  tha 
occur  on  a  crystal  is  always  fewer  than  the  number  c 
mathematically  possible  planes  for  that  system.  It  is  nc 
uncommon  to  find  substances  of  exactly  the  same  chemic* 
composition  and  physical  properties  crystallized  in  polyhedr 
bounded  by  entirely  different  sets  of  planes.  This  propert 
that  some  substances  have  of  crystallizing  in  different  form 
is  called  crystal  habit. 
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The  plane  faces  of  crystals,  with  very  few  exceptions, 
al  w^ays  occur  in  pairs,  parallel  to  one  another  and  on  opposite 
sides  of  the  crystal.  When  two  adjacent  faces  intersect  one 
another,  they  make  an  angle  called  an  inter f acial att^lc;  the 
solid  angle  formed  by  the  intersection  of  three  or  niorr  faces 
is  called  a  crystal  angle.  The  line  of  intersection  of  the 
faces  is  called  an  edge. 


liAWS  OF  CRYSTAIiS 

18.  In  studying  crystals  the  following  three  laws  are  of 
importance: 

(1)  The  law  of  constancy  of  inter  facial  angles;  (5J)  //// 
lazu  of  symmetry  ;  (3)  the  law  of  simple  mathematical  ratio. 

19.  Ia'w  of  Constancy  of  Interfaclal  Aniclc'H. —  The 

<^^^les  between  corresponding  faces  of  different  crystals  of  the 
sa99Me  substance  are  constant^  no  matter  hou*  much  the  crystal 
f(^€r^s  may  be  developed  or  what  the  habit  may  be. 

20«  \JKw  of  Symmetry. —  The  faces  of  all  crystals  are 
^y^^imetrically  grouped  with  reference  to  a  central  point  or  to 
^f^tain  planes  or  lines  passing  through  the  center  of  the 
crystal. 

The  planes,  of  lines,  to  which  the  crystal  faces  are  sym- 
n^^trical  are  called,  respectively,  symmetry  planes  aiid 
^ywmeiry  axes. 

-A  Symmetty  plane  is  an  imaginary  plane  passing  through 

the  center  of  a  crystal  and  dividing  it  in  such  a  way  that 

every  point  on  the  surface  of  the  crystal  on  one  side  of  th^ 

dividing  plane  has  a  corresjyyndin^^  yAm  directly  opj^'/sile, 

and  at  the  same  distance  fr'^m  th*:  :A'<inf:.  on  the  other  *side- 

There  arc  two  kinds  «yf  pJar-TS  of  ny mm^xry.  principal,  and 

secondarj.     Principal  planets  of  =;ynj:netry  ap:  thov:  pianes 

that  contain  two  or  morfr^cjivai'rrn  or  ir.t»:r',hang*:ab]e  lii^es 

or  directions;  that  is.  if  \':.r:  '  ry-:a'    :^  rotafrd   aroujid  an 

axis  at  right  angles  ro  th*:  :.a:.'r  of  -yj;.rn»::ry  at  lib  '  er.i-rr 


-<»  %lH^^ 
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lintil  these  equivalent  lines  exchange  positions,  the  appear- 
ance  of  the  crystal  remains  unchanged.  Secondary  planes 
of  symmetry  can  contain  no  equivalent  lines  or  directions. 

A  symmetry  axis,  is  an  imaginary  line  through  the 
center  of  a  crystal,  perpendicular  to  a  symmetry  plane  and 
connecting  either  the  centers  of  opposite 
crystal  faces  or  the  vertices  of  opposite  crys- 
tal angles.  Axes  of  symmetry  are  also  called 
principal  zxi6.  secondary^  according  as  they  are 
perpendicular  to  a  principal  or  a  secondary 
plane  of  symmetry.  The  difference  between 
principal  and  secondary  planes  and  axes  of 
symmetry  can  be  understood  by  reference  to 
Fig.  1,  which  represents  a  tetragonal  octahedron.  The 
lateral  axes  a  —  a  and  a'  —  a!  are  of  equal  length  while  the 
vertical  axis  c  —  c  is  longer.  The  planes  a  a'  —a  —a'  and 
ca  —  c  —  ii  are  both  planes  of  symmetry.  If  the  crystal  be 
revolved  about  the  axes  c  —  c  90°,  the  axes,  or  lines,  a  —  a 
andrt'  —  a'  are  found  to  be  equivalent  and  interchangeable; 
hence,  a  a'  —  a  —  a'  is  a  principal  plane  of  symmetry.  If, 
however,  the  crystal  be  revolved  about  the  axis  a  —  a^  the 
axes  a'  —  a  and  r  —  r  do  not  coincide,  as  they  are  of  unequal 
length  and  are  not  equivalent  and  interchangeable;  hence, 
c  a  —  c  —  a  \)r^  ii  secondary  plane  of  symmetry,  and  r  —  r  is  a 
principal  axis  and  a'  —  a'  is  a  secondary  axis. 

5J1.  L«iw  of  Hlmple  Matliematical  Ratio. — In  order  to 
classify  and  describe  crystals,  it  is  necessary  to  have  sopie 
method  of  expressing  mathematically  the  position  of  the 
crystal  faces.  The  method  adopted  is  to  express  the  relative 
tlistances  of  the  intersection  of  the  planes  of  the  faces  with 
three  or  more  lines  or  axes  called  orystallofBrraplilc  axes, 
intersectinjj:  at  the  center  of  the  crystal.  The  symmetry 
axes  are  always  taken  as  the  crystallographic  axes.  The 
actual  distances,  or  intercepts,  on  the  axes  are  not  con- 
sideretl,  only  their  relative  lengths,  or  the  ratio  they  bear  to 
one  another;  that  is,  parallel  planes  are  always  expressed  by 
the  same  ratio. 
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LA^^.-^fn  all  crystals  of  the  same  substance^  if  any  face  be 
£aken  as  a  unit,  the  axial  intercepts  of  all  other  faces  ^  expressed 
M  terms  of  the  corresponding  intercepts  of  the  unit  face,  will 
6e  either  simple  numbers^  simple  fractions,  or  infinity  {when 
^ he  face  is  parallel  to  an  axis). 


SYSTEMS  OF  CRYSTAIiLIZATION 

22.  For  convenience  in  classification,  all  crystal  forms 
may  be  divided  into  six  systems,  according  to  the  number 
and  kinds  of  their  planes  of  symmetry,  which  depend  on  the 
number,  length,  and  inclination  of  the  axes.  These  systems 
are  the  isometric,  tetragonal,  hexago?ial,  orthorhombic,  mono* 
clinic,  and  triclinic.  The  distinguishing  characteristics  of 
each  system  are  as  follows: 

The  isometric  system  has  three  axes  of  equal  length  inter- 
secting one  another  at  right  angles;  three  principal  planes 
of  symmetry  at  right  angles  to  each  other ;  and  six  second- 
ary planes  that  bisect  each  of  the  angles  between  the  princi- 
pal planes. 

^  The  tetragonal  system  has  three  axes,  intersecting  one 
another  at  right  angles:  two,  which  are  of  equal  length,  are 
considered  as  lateral  axes;  the  third  is  the  vertical  axis,  and 
may  be  either  longer  or  shorter  than  the  other  two.  This 
system  has  one  principal  plane  of  symmetry,  and  four 
secondary  planes  at  45**  to  each  other  and  at  right  angles  to 
the  principal  plane. 

The  hexagonal  system  has  four  axes;  the  three  lateral 
axes  are  equal,  intersect  one  another  at  angles  of  60°,  and  are 
at  right  angles  to  the  vertical  axis,  which  is  of  different 
length.  This  system  has  one  principal  plane  of  symmetry, 
and  six  secondary  planes  at  30°  to  each  other  and  at  right 
angles  to  the  principal  plane. 

The  orthorhombic  system  has  three  axes,  intersecting  one 
another  at  right  angles,  but  no  two  are  of  the  same  length. 
In  this  system  there  are  three  secondary  planes  of  symmetry 
at  right  angles  to  one  another. 
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The  monoclinic  system  has  three  axes;  the  vertical  ax 
and  one  lateral  axis  (the  one  running  from  front  to  bac 
are  oblique  to  each  other,  but  the  transverse  lateral  axis 
at  right  angles  to  both  of  the  others.     In  this  system  ther 
is  one  secondary  plane  of  symmetry. 

The  triclinic  system  has   three   axes,  all   oblique  to  on- 
another.     Crystals  of  this  system  are  symmetrical  to  a  ce 
tral  point  only. 


ISOMETRIC  SYSTEM 

23.  The  crystal  axes  of  the  isometric  system  being  al 
of  the  same  length,  and  all  at  right  angles  to  one  another 
it  is  immaterial  which  one  is  selected  as  the  vertical  axis,  a: 
the  shape  of  the  crystal  is  the  same  with  reference  to  all  o 
them.  Fig.  2  shows  the  holohedral,  or  complete,  forms  oi 
the  isometric  system.     It  will  be  noticed  that  the  faces  oi 


^ 
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any  one  of  these  forms  are  alike.  The  distinguishing 
characteristics  of  these  forms  are  as  follows: 

Cude,  or  hexahedron  (a)^  has  six  square  faces  meeting  at 
right  angles,  each  of  which  is  parallel  to  two  axes  as  shown. 

Octahedron  (/f)  has  eight  faces,  each  of  which  is  an  equi- 
lateral (equal  sided)  triangle.  The  axes  are  cut  by  the 
planes  of  the  faces  at    the  vertices  of  the  crystal  angles. 
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JJodicahedron  {c")  has  twelve  dmmon^-shaped  faces  and 
fourteen  crystal  angles*  The  position  of  the  axes  is  as 
shown, 

l^risQctahedron,  or  more  accurately  trigonai  trisocta^ 
he^r€ni  (*/),  has  twenty-four  trianguJar  faces.  Comparing 
it  Tviih  the  octahedron  {b)^  it  is  seen  that  it  differs  from  it  by 
having  each  face  of  the  latter  replaced  by  three  trigonal 
(three-coniered)  faces,  which  form  a  low  pyramid, 

T^f^apez^hedron,  tetragonal  irisoeittkairim,  or  icasit^tra- 
fie€ff^cm  (^),  has  twenty-four  faces,  each  of  which  is  an  irregu* 
lar  four-sided  figure  called  a  trapezium.  Like  the  preceding 
form^  the  trapexohedron  resembles  the  octahedron  by 
having  each  face  of  the  latter  replaced  by  three  trapezoidal 
faces, 

T^ittrakexaJminm  (/)  has  twenty4our  triangular  faces, 
^^ranged  in  groups  of  ft>ur.  Each  group  forms  a  low,  square 
Pyramid,  the  base  of  which  corresponds  to  one  of  the  faces 
^^  the  cube,  or  hexahedron,  hence  its  name, 

HexoetakfdroH  {g)  has  forty -eight  faces,  arranged  in  eight 
&<"oups  of  six  triangular  faces  each.  The  general  form  is 
^Hat  of  the  octahedron^  each  group  of  six  faces  correspond- 
ing to  a  face  of  the  octahedron. 

S;f4<     Comblnatloti  of  Isometric  Holoh^dral  Forms, 

T^he  simple  f^^rms  frequently  occur  in  combination  with  one 
Another,  producing  a  great  variety  in  the  shape  and  numher 


M 


%t  faces  of  the  crystals.  A  few  of  these  combined  forms  are 
Shown  in  Fig,  3:  {ti)  is  a  combination  of  a  cube  and  an 
Octahedron:  (b)^  a  cube  and  a  trapezohedron ;  (r),  an  octa- 
hedron and  a  dodecahedron. 

154—8 
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25.  Hemlhedral  Forms.  —  Besides  these  ordinary, 
whole,  or  liololudral  (all-sided)  fortfis,  the  elementary  hemi- 
hedral  forms  should  be  included  in  a  list  of  elementary 
forms.  Hemiliedral  forms  have  only  every  other  face 
developed;  the  intermediate  ones  are  omitted.  Thus,  if  in 
the  octahedron  (*),  Fig.  2,  each  alternate  face  be  omitted 
and  the  planes  of  the  remaining  faces  be  extended  till  they 
intersect  one  another,  there  will  be  a  new  form — the  tetra- 
hedron^ or  four-faced  form,  which  is  shown  in   Fig.  4  {a). 


Pig.  4 


In  the  figure,  the  two  shaded  faces  of  the  small  octahedron 
included  in  the  tetrahedron  illustrate  how  the  alternate  faces 
arc  developed.  The  tetrahexahedron,  treated  in  the  same 
way^  gives  the  pentagonal  dodecahedron,  or  pyritohedron 
(twelve-faced  form),  shown  at  {h.  The  hemihedral  forms 
of  the  trisoctahedron.  trapezohedron.  and  hexoctahedron, 
which  are  shown  at  (r).  (</),  and  (r).  respectively,  are 
obtained  in  the  same  general  way.  but  instead  of  developing 
every  other  face,  as  in  the  other  forms,  the  faces  are  devel- 
oped in  alternate  sets,  corresponding  to  the  faces  of  an  octa- 
hedron. Every  face  in  one  octant  is  developed:  then  the 
next  adjacent  set  is  skipped  and  the  faces  in  the  third  octant 
devek^ied,  and  so  on  around,  developing  all  the  faces  in 


tINERALOGI 

fach  alternate  octant.  The  faces  of  a  trisoctaf 
dped  in  this  wa)%  intersect  one  another  to  form  the  trape- 
sotdal  faces  of  the  ielragonai  trisictrahedron  {c)^  while  the 
faces  of  the  trapezohedron  int«"sect  to  form  the  triangular 
faces  of  the  trigonal  tristitrahcdron  {d)^  and  the  faces  of  the 
hcxoctahedron  remain  unchanged  in  the  kextttrahtiirmi  (e). 
The  forms  given  in  Fig,  4  are  all  the  elementary  hemihedra! 
forms.  Like  the  whole  forms,  they  combine  among  them- 
selves in  g^reat  variety;  but  hemihedral  forms  do  not  com- 
bine with  holohedral  forms. 


TETRAGOKAL    SYSTEM 

26*     In  considering  a  crystal  of  the  teti'aeroiial  sj^stem, 
tile  two  equal  axes  are  always  assumed  as  the  lateral  axes, 
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and  the  odd  axis  becomes  the  vertical  axis.    The  elementary 
forms  of  this  system  are  square  and  octagonal  prisms,  and 
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double-ended  square  pyramids  (octahedrons)  and  octagonal 
pyramids.  As  in  the  isometric  system,  a  great  variety  of 
forms  results  from  the  combination  of  these  elementary 
forms. 

Both  the  prisms  and  the  pyramids  of  the  tetragonal  system 
may  be  divided  into  two  classes:  direct  and  indirect.  In 
the  direct  forms,  the  crystal  faces  intersect  both  lateral 
axes,  as  at  (a)  and  (^),  Fig.  5  ;  in  the  indirect  forms,  the 
faces  cut  one  lateral  axis  and  are  parallel  to  the  other,  as 
at  (r)  and  (rf).  In  all  the  systems  except  the  isometric,  a 
face  parallel  to  both  lateral  axes  is  called  a  basal  plane. 
Such  are  the  faces  closing  the  top  and  bottom  of  an  ordinary 
prism.  Cleavage  parallel  to  a  basal  plane  is  known  as  basal 
cleavage;  parallel  to  the  faces  of  a  prism,  2^^  prismatic  cleav- 
age; parallel  to  the  faces  of  an  octahedron,  as  octahedral 
cleavage,  etc. ;  the  cleavage  in  every  case  taking  its  name 
from  the  face  to  which  it  is  parallel. 

Fig.  5  shows  the  simpler  forms  of  the  tetragonal  system. 
With  the  exception  of  the  four  forms  already  described 
(rt),  (*),  (r),  and  (d),  and  the  octagonal  prism  {e)  and  the 
pyramid  (/),  the  forms  are  all  compound. 

!37«  The  liemlliedral  forms  of  the  tetragonal  system, 
some  of  which  are  shown  in  Fig.  6,  are  derived  in  the  same 
way  as  those  of  the  isometric  system.  The  tetrahedron  {a) 
is  derived   from  the   octahedron;  the  ditetrahedron  {b)   is 


derived  from  the  dioctahedron,  or  octagonal  pyramid;  and 
the  prism,  which  is  shown  at  (f),  with  its  corners  cut  off  by 
the  faces  of  the  ditetrahedron,  is  derived  from  the  octagonal 
prism. 
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It  is  somewhat  difficult  to  distinguish  certain  tetragonal 
forms  from  similar   isometric  forms.     This  is  particularly 
true  of  the  octahedrons  and  their  half  forms,  the  tetrahe* 
drons,  in  which  there  is  no  distinction,  except  that  one  axis 
of  the  tetragonal  forms  is  bnger  or  shorter  than  the  other 
two,  while  alt  three  axes  of  the  isometric  forms  are  of  equal 
length,    so   that   the    faces  of    the   isometric   crystals   are 
equilateral    triangles,   while   the    faces   of    the    tetragonal 
crystals  have  only  two  sides  of  the  triangle  equah     Even 
this  distinction  is  frequently  destroyed   by  a  distortion  of 
the  isometric  crystals,  so  that  the  three  axes  are  no  longer 
equal.     In  such  a  case  one  must  refer  to  the  angles  formed 
hy  the  intersection  of  crystal  faces,  which  remain  unchanged, 
no  matter  how  great  may  be  the  distortion  of  the  crystal, 
Thus,  if  the  angle  at  the  vertex  of  an  eight-sided  crystal  is 
exactly  ^  right  angle,  it  is  known  at  once  that  the  form  is  an 
isometric  octahedron,  for  the  vertex  angles  of  the  tetragonal 
and    orthorhombic  octahedrons    are    never    exactly    right 
angles.     In  the  case  of  the  isometric  cube  and  the  tetragonal 
and  orthorhombic  prisni:^,  the  distinction  ib  much  more  sim- 
ple, as,  no  matter  how  badly  distorted  the  crystal  may  be, 
all  the  faces  of  an  isometric  crystal  have  exactly  the  same 
luster  and  markings;  while  the  basal  plane  in  the  tetragonal 
and  orthorhombic  systems  has  a  somewhat  different  appear- 
ance from  the  prism  faces;  and  in  the  orthorhombic  system 
the  two  sets  of  parallel  prism  faces  differ  in  appearance  from 
each  other,  as  well  as  from  the  basal  planes — a  characteristie 
that  serves  to  distinguish  orthorhombic  prisms  from  distorted 
tetragonal  prisms.     Distorted  tetragonal  pyramids  are  simi- 
larly distinguished  from  orthorhombic  pyramids,  the  luster 
of  adjacent   faces  of  the  latter  being  different,  while  that 
of  opposite  faces  is  identical 


HKXACHIXAl^  SYSTEM 

S8«  The  bexairoiua  ^etem  is  very  closely  allied  to  the 
tetragonal  system.  All  the  forms  of  the  latter  iiy»tem  have 
exactly  corresponding  forms  tn  the  hexagonal  syfitem;  there 


20 


MINERALOGY 


§  35^ 


being  three  equal  lateral  crystal  axes  in  the  hexagonal 
system,  however,  all  the  lateral  faces  of  hexagonal  forms 
occur  in  multiples  of  three,  while  in  the  tetragonal  system 
they  occur  in  multiples  of  two,  only.  The  angles  between 
lateral  faces  also  differ  corresptindingly. 

The  elementary  forms  of  the  system  are  direct  and  indirect 
hexagonal  prisms  and  pyramids  (called  prisms  and  pyramids  J 


^<i 


j=i 


u 


^^ 


Fig.    7 


of  the  ^rsf  onfc'r  and  secand  order,  respectively),  dihex- 
agonal  prisms  and  pyramids — corresponding  to  the  octagonal 
prisms  and  pyramids  of  the  tetragonal  system — ^and  basal 
planes.     These  forms  are  shown  in  Fig.  7, 


29,  llexaK-onal  Ilemlhetlral  Forms, — The  heTnlhe 
dral  forms  of  the  hexagonal  system  are  more  abundant  in 
nature,  and,  consequently,  more  important  than  the  holohe* 
dral  forms.  There  are  two  distinct  classes  of  hemiliedral 
forms  in  this  system.  The  elementary  forms  of  the  first 
class,  which  are  called  pyratnidai  hemihtdrai  forms^  arc 
only  two  in  number,  and  are  derived  by  developing  the 
faces  in  the  alternate  sections  of  the  crystal  forms  between 
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the  six  vertical  symmetry  planes.  Thus,  if  in  the  dihexag- 
onal  prism  the  alternate  prism  faces,  which  are  shown 
shaded  in  Fig.  7,  are  developed,  a  hexagonal  prism  of  the 
third  order  results;  and  by  the  development  of  the  shaded 
faces  of  the  dihexagonal  pyramid,  a  hexagonal  pyramid  of 
the  third  order  results.  The  prisms  and  pyramids  of  the 
third  order  can  be  distingufshcd  from  those  of  the  first  and 
second  orders  only  through  their  association  with  other 
hemihedral  forms. 

The  hemihedral  forms  of  the  second  class,  called  r/wnido- 
hedrai  hemihedral  forms ^  are  derived  in  the  ordinary  man- 
ner,  each  alternate  crystal  face  above  and  below  the 
horizontal  symmetry  plane  being  developed.  The  class 
dcrivea  its  name  from  the  most  common  and  characteristic 
format  he  rhombohedron — which  is  the  hemihedral  form  of 
the  hexagonal  pyramid.  The  rhombohedral  hemihedral 
form  of  the  di hexagonal  prism  is  the  scalemyhedrmi,  a  i 
double-ended  hexagoual  prism,  each  face  of  which  is  a 
scalene  triangle  (a  triangle  with  no  two  sides  equal). 
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Calcite  always  crystallizes  in  the  rhombohedral-hexagonal 

system,  and  so  also  do  dolomite  and  siderite.  Calcite  crys- 
tals assume  a  great  variety  uf  forms;  Fig.  8  represents 
some  of  the  many  characteristic  forms.     The  forms  from 
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(a)  to  (d)  are  rhombohedrons;  (e)  is  a  scalenohedron ; 
(/),  prisms  with  rhombohedron  and  basal  plane;  (^),  a 
rhombohedron  with  basal  plane;  (A)  and  (/),  prism  and 
rhombohedrons;  whild  (j)  shows  a  rhombohedron,  scaleno- 
hedron, and  basal  plane. 

It  is  sometimes  very  difficult  to  distinguish  rhombohe- 
drons from  cubes,  but  the  faces  of  a  rhombohedron  are 
never  exactly  square,  or  even  rectangular,  but  are  always 
more  or  less  diamond-shaped.  The  vertical  axis  in  the 
rhombohedron  always  connects  two  opposite  solid  angles, 
while  in  the  cube  it  connects  the  centers  of  opposite  faces. 

Rhombohedral  hemihedral  forms  may  be  easily  distin- 
guished from  any  other  forms  from  the  fact  that  the  inter- 
section of  the  upper  and  lower  pyramidal  faces  of  this  class 
with  one  another,  or  with  prism  faces,  forms  a  broken, 
jagged  line,  with  angles  alternately  above  and  below  an 
intermediate  horizontal  plane,  whereas  the  basal  edges  of 
pyramidal  faces  in  all  other  forms  are  Horizonal. 

Prisms  and  pyramids  of  the  third  order  have  still  further 
hemihedral  forms,  formed  in  the  ordinary  manner,  and 
called  tetartoliedral  forms^  because  they  have  developed 
only  one-fourth  of  the  faces  of  the  holohedral  forms.  The 
principal  forms  are  a  rhombohedron,  identical  with  the 
rhombohedron  of  the  rhombohedral  section,  and  a  trapezo- 
hedron,  almost  identical  in  form  with  the  rhombohedroh, 
the  only  difference  being  that  each  of  the  six  faces  is  trape- 
zoidal (has  four  sides,  in  two  pairs  of  equal  sides,  but  the 
sides  of  one  pair  are  not  equal  to  the  sides  of  the  other) 
instead  of  rhomboidal  (diamond-shaped — four  equal  sides). 
These  forms  sometimes  occur  in  quartz  crystals. 


ORTHORHOMBIC  SYSTEM 

30,  The  three  axes  of  the  ortliorhomblc  system  being 
all  of  different  lengths,  but  at  right  angles  to  one  another, 
any  one  of  them  may  become  the  vertical  axis,  the  selection 
resting  with  the  operator,  and  usually  depending  more  or 
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less  on  the  general  shape  of  the  crystal.  For  instance,  if 
the  crystal  is  flat  and  tabular,  the  main  faces  of  the  tablet 
are  usually  considered  as  basal  planes;  while  if  it  is  long  and 
prismatic,  pyramidal,  or  barreUshaped,  the  longest  axis  is 
usually  selected  as  the  vertical  axis.  The  longer  lateral 
axis  is  usually  selected  as  the  transverse  axis. 

The  crystal  forms  of  this  system  correspond  to  those  of 
the  tetragonal  system.  The  direct  prisms  and  pyramids 
Correspond  exactly  with  the  similar  tetragonal  forms,  except 
in  the  different  luster  and  markings  of  adjacent  faces  and 
the  measurement  of  the  solid  crystal  angles  (angles  made 
by  the  intersection  of  three  or  more  faces).  Instead  of  the 
indirect  prism,  however,  there  are  two  pairs  of  parallel,  ver- 
tical faces,  which,  when  both  pairs  are  developed,  intersect 
to  form  a  vertical,  rectangular  prism  with  its  faces  parallel 
to  the  lateral  axes  of  the  crystal ;  the  pair  of  faces  parallel  to 
the  longer,  or  macro-,  axis  constitutes  a  macropimicmd^ 
and  the  pair  parallel  to  the  shorter,  or  brack y-^  axis  is  a 
bracH}*pmac0id.  And  in  the  same  way,  instead  of  the 
indirect  pyramid,  we  have  two  horizontal  prisms,  each 
formed  by  the  four  faces  parallel  to  one  lateral  axis  and  cut- 
ting the  other  lateral  axis  and  the  vertical  axis;  the  faces  of 
the  prism  parallel  to  the  longer  lateral  axis  {the  macro-axis) 
constitute  a  macrofhmt,  and  those  parallel  to  the  brachy- 
axis  constitute  a  bnuhyiii^me.  If  both  domes  are  developed, 
the  resulting  form  is  a  rectangular  pyramid,  or  octahedron. 


31#  Fig.  9  shows  the  principal  simple  forms  of  this  sys- 
tem. There  is  only  one  purely  elemt^ntary  form — ^the  true 
octahedron,  or  pyramid,  shown  at  {a).  The  other  forms  of 
the  system  are^  necessarily,  all  compounds  of  two  or  more 
forms,  as,  excepting  the  pyramid,  none  of  the  forms  has 
more  than  four  faces,  and  the  basal  planes  and  pinacoids 
have  only  two,  and  tt  requires  at  least  six  faces  to  form  a 
complete  holohedral  crystal.  The  hemihedral  forms  of  the 
system  are  unimportant — in  fact,  so  far  as  is  known,  there 
are  no  true  hemihedral  orthorhombic  forms  in  nature — hence 
they  will  not  be  discussed.     The  forms  shown  in  Fig.  9  are 
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as  follows:  {a)  Octahedron  or  pyramid;  (*)  prism  1  i,  and 
basal  plane  2;  {c)  pinacoidal  prism,  made  up  of  macropina- 
coid  1  and  brachypinacoid  ^,  and  basal  plane  3;  (d)  tabular 
prism,  made  up  like  (r),  but  with  the  long  edges  beveled  by 


a  macrodome  i ;  {e)  basal  plane  1  and  prism  2  2,  with  front 
and  back  corners  truncated  by  a  macrodome  3  3;  {/)  basal 
plane  /,  prism  2  2^  macrodome  3  3,   and  brachydome  4  ^ 
The  tabular  orthorhombic  forms  are  very  characteristic  of 
the  mineral  barite. 


MONOCL.INIC    SYSTEM 

33.  The  crystals  of  the  monoellnic  system  are  sym- 
metrical with  reference  to  only  one  plane.  In  examining  a 
crystal  of  this  system,  the  symmetry  plane  is  always  con- 
sidered as  being  vertical  and  running  from  front  to  back; 
the  symmetry  axis,  therefore,  coincides  with  the  transverse 
lateral  crystal  axis.  This  axis,  being  at  right  angles  to  the 
symmetry  plane,  is,  consequently,  at  right  angles  to  both  the 
other  axes,  since  they  both  lie  in  that  plane,  and  for  this 
reason  it  is  called  the  ortlio-  (right)  axis.  The  other  lateral 
axis  is  oblique  to  the  vertical  axis,  inclining  from  back  to 
front,  and  is  called  the  clino-  (inclined)  axis. 
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The  forms  of  this  system  are  prisms,  pinacoids,  pyramids, 
domes,  and  basal  planes,  as  in  the  orthorhombic  system* 
Instead  of  macrodome^  brachydorae,  and  pinacoids,  however, 
we  have  the  orthodome  and  orthopinacoid  with  their  faces 
parallel  to  the  ortho-axis,  and  ther/nfW^///rand  cUnopinacoid 
with  their  faces  parallel  to  the  clino-axis* 

The  elementary  forms  whose  faces  intersect  both  the  cHno- 
axis  and  the  vertical  axis  are  divided  into  two  classes — ^posi- 
tive and  negative — according  to  the  position  of 
their  faces  with  reference  to  the  central  anj^les  of 
the  crystal.  Thus,  if  a  plane  be  assumed  through 
the  vertical  axis  and  the  ortho-axis,  and  another 
through  the  two  lateral  axes,  these  planes  will,  of 
course,  intersect  each  other  along  the  ortho-axis, 
as  it  is  common  to  both  of  them,  and  at  their 
intersection  will  form  four  plane  angles,  the  alter* 
nate  angles  being  equal,  but  one  pair — the  top-front  and 
lower-back  angles—being  larger  than  the  other  pair,  on 
account  of  the  inclination  of  the  clino-axis;  and  all  crystal 
forms  whose  faces  are  in  the  two  sections  of  the  crystal  lying 
within  the  planes  of  the  two  larger  plane  angles  are  known 
as/rpj/Vnr,  while  those  whose  faces  are  in  the  smaller  sec- 
tions are  known  as  negative.  Fig.  10  shows  the  four  faces 
forming  a  positive  pyramid-  The  prism»  clinodome,  and  the 
pyramid  are  made  up  of  four  faces  each;  the  orthodomes, 
pinacoids,  and  basal  plane  have  only  two  faces  to  each  form. 


Fig.  10 


33*  As  the  least  number  of  faces  a  solid,  holohedral 
crystal  of  any  form  can  have  is  six,  none  of  these  elementary 
forms  occurs  alone  in  nature;  but  all  monoclinfc  crystals  are 
made  up  of  combinations  of  two  or  more  of  the  elementary 
forms.  In  Fig.  11  are  shown  a  few  of  the  simpler  and  more 
common  forms.  To  assist  the  student  in  identifying  them 
each  kind  of  face  is  numbered:  /,  orthopinacoidal  face; 
^,  elinopinacoidat  face;  B,  prism  face;  +^  positive  pyra* 
mtdal  face;  —4,  negative  pyramidal  face;  +5,  positive 
orthodome  face;  —5,  negative  orthodome  face;  e,  clino- 
dome;  7,  basal  plane. 
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The  last  three  forms  are  called  twinned  cry  stsXs^  twinnia  ^ 
being  merely  a  combination  of  two  (or  more)  crystals  c^ 
the  same  form,  but  with  their  axes  in  different  positions 
It.  sometimes  produces  what  are  apparently  entirely  nevi 
forms,  but  generally  the  individual  forms  can  be  readily  dis- 
tinguished.    Twinned  crystals  usually  have  reentrant,  or 
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concave,  angles,  by  which  they  can  be  readily  distinguished 
from  normal  crystals,  in  which  concave  angles  never  occur. 
They  may  frequently  be  recognized  also  by  the  tiny  ridges 
or  striae  on  the  common  face,  meeting  in  a  line  down  the 
middle  of  the  face,  as  in  the  case  of  gypsum,  shown  normal 
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at  (a)  and  twinned  at  {b).  This  indicates  that  the  face  is 
really  made  up  of  two  faces  in  the  same  plane,  but  with 
their  striae   in   different    positions. 


TRICLINIC  SYSTEM 

34.  As  the  axes  of  the  trlclinic  system  are  all  of  dif- 
ferent lengths  and  all  inclined  to  one  another,  the  system 
can  have  no  symmetry  planes,  and  there  can,  under  no  cir- 
cumstances, be  more  than  two  faces  of  a  kind  identical  in 
form,  luster,  and  position  with  reference  to  the  axes.  The 
simplest  crystals  thus  require  at  least  three  different  forms 
to  complete  the  crystal.  Thus,  the  simplest  prismatic 
crystal  is  made  up  of  two  sets  of  prism  faces  (two  faces  to  a 
set)— or  the  prism  may  be  made  up  of  two  sets  of  pinacoidal 
faces— and  a  pair  of  basal  planes;  six  faces  in  all,  represent- 
ing three  different  forms. 

The  forms  of  the  triclinic  system  are  practically  the  same 
as  those  of  the  monoclinic  prisms — pyramids,  domes,  pina- 
coids,  and  basal  planes.  Since  both  lateral  axes  are  inclined 
to  the  vertical  axis,  however,  one  cannot  very  well  specify 
either  as  the  clino-axis,  so  the  terms  macro-  and  brachy-  are 
used  to  distinguish  the  long  and  short  lateral  axes,  respec- 
tively, as  in  the  orthorhombic  system;  the  domes  and  pina- 
coids  are  distinguished  in  the  same  way,  macrodomes  and 
macropinacoids  having  their  faces  parallel  to  the  longer 
lateral  axis,  and  the  faces  of  brachydomes  and  brachypina. 
coids  being  parallel  to  the  shorter  lateral  axis. 

Fig.  12  shows  some  of  the  simpler  triclinic  crystals  with 
the  faces  of  the  different  forms  marked  as  follows:  i,  Macro- 
pinacoid  ;  2,  brachypinacoid ;  -\-S,  positive  prism;  —S, 
negative  prism;  +^  positive  macrodome;  — ^,  negative 
macrodome;  +5,  positive  brachydome;  —5,  negative 
brachydome;  6\  pyramid;  7,  basal  plane. 

Occasionally  the  inclination  of  the  lateral  axes  to  each 
other  is  so  slight  that  it  becomes  very  difficult  to  distinguish 
the  triclinic  forms  from  similar  monoclinic  forms.     In  such 
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a  case  the  student  should  remember  that  the  angle  between 
the  pinacoidal  crystal  (and  cleavage)  faces  of  the   mono* 


Fig.  li 


clinic  crystals  is  always  exactly  a  right  angle,  while  in  the 
triclinic  system  there  is  never  any  angle  less  than  3°  or  4*" 
away  from  a  right  angle. 


DISTORTION 

35.  Natural  crystals  are  usually  more  or  less  distorted — 
in  fact,  perfect  natural  crystals  are  comparatively  rare. 
The  crystal  axes  are  extended  lineally,  destroying  their 
proper  proportion  to  one  another,  and  making  faces  that 
should  be  identical  in  shape,  very  different ;  or  the  axes  may 
be  bent  or  twisted — sometimes  very  much  so,  twisting  com- 
pletely around — giving  curved  crystal  faces  instead  of  the 
normal  planes.  This  curvature  of  the  crystal  axes  app>ears 
to  be  characteristic  of  a  few  certain  minerals,  as  dolomite. 
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FIG.  13 


sidcrite,  quartz,  and  chlorite,  but  linear  distortion  is  com- 
mon in  all  minerals. 

However  badly  a  crystal  may  be  distorted,  it  nevertheless 
alw^ays  retains  certain  characteristics  of  its  crystal  system, 
by  which  it  can  be  iden- 
tified. Besides  the  simi- 
lar luster  and  markings 
of  corresponding  faces, 
which  have  already 
been  discussed,  the  fact 
is  that  the  crystal  axes, 
however  badly  they 
n^ay  be  distorted  as  to 
relative  length,  are 
never  distorted  as  to 
their  relative  position 
to  one  another;  that  is, 
if  a.11  or  any  two  of  the  axes  in  the  normal  crystal  intersect  at 
*  griven  angle,  this  angle  is  maintained  in  the  distorted  crys- 
tal, and  the  correspond- 
ing angles  between  the 
faces  are  likewise  never 
distorted.  Thus,  in 
Fig.  13,  there  are  shown 
a  normal  isometric  octa- 
hedron and  three  dis- 
torted octahedrons,  and 
it  will  be  seen  that  the 
faces  on  the  distorted 
forms  are  in  every  case 
exactly  parallel  to  the 
corresponding  faces  in 
^^e  normal  form.  Fig.  14  shows  a  dodecahedron  treated  in 
the  same  way.  This  same  peculiarity  runs  through  all  the 
systems,  and  forms  an  infallible  guide  in  identifying  them. 
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(PART  2) 


DESCRIPTIVE  MINERALOGY 

1.  Introduction. —  The  following  descriptions  of  the 
fninerals  are  arranged  according  to  the  alphabetical  order 
^f  the  name  of  the  principal  element  contained  in  the 
mineral;  for  example,  cryolite  is  found  under  the  aluminum 
minerals;  gypsum  under  the  calcium  minerals,  etc.  Coal, 
petroleum,  etc.,  and  other  hydrocarbon  minerals  are 
described  together  under  carbon  and  hydrocarbon  minerals. 


AliUMINUM   MINERAIiS 

2.    Comndum   is   aluminum   trioxide,   or   aiumina, 

Alfi^.  Aluminum,  52.9  per  cent.;  oxygen,  47.1  per  cent. 
It  occurs  crystalline,  also  massive  and 
granular,  and  crystallizes  in  the  hexag- 
onal system  in  acute  pyramids. 
Fig.  1  (a),  or  in  truncated  barrel- 
shaped  prisms  (b).  It  usually  con- 
tains small  amounts  of  impurities  that 
affect  the  color  and  specific  gravity. 
^*®-  ^  Color ^  white,  gray,  yellow,  red,  blue, 

green,  brown,  or  black;  streak,  white;  transparent  to 
opaque;  luster ^  adamantine  to  vitreous;  tenacity,  brittle 
to  tough;   cleavage^  rhombohedral;    G  varies  from  3.94  to 
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4.16,  depending  on  the  purity.     //  =  9,  being,  next  to  the 
diamond,  the  hardest  substance  known. 

Tests  for  Identification, — B.  B.  unchanged  either  alone  or 
with  soda.  When  powdered,  treated  with  cobalt-nitrate 
solution,  and  ignited,  it  becomes  blue.     It  is  insoluble. 

Varieties, — The  clear,  colored  varieties  are  highly  prized 
as  gems.  The  blue  is  called  sapphire;  red,  the  oriental 
ruby;  violet,  the  oriental  amethyst;  green,  the  oriental 
emerald;  and  yellow,  the  oriental  topaz.  Emery  is  a^ 
impure  variety  of  corundum  that  contains  considerable 
iron.  Both  emery  and  corundum  are  ground  to  varioiE^ 
degrees  of  fineness  and  used  as  an  abrasive  for  grinding  an<^ 
polishing. 

3.  Diaspore  is  a  hydrated  aluminum  oxide,  Alfi^^OH)^, 
Al^O^,  85.1  per  cent.;  water,  14.9  per  cent.  It  occurs  in 
thin,  flat,  orthorhombic  prisms,  foliated  masses,  or  thin 
scales.  Color ^  gray,  white,  pink,  yellow,  and  brown;  streak, 
white;  transparent  to  translucent;  luster^  pearly  and  vitre- 
ous; tenacity,  very  brittle,  cleaves  into  plates;  //'=  6.5  to  7; 
G  =  3.3  to  3.5. 

y^ests  for  Identification,  —  B.  B.  infusible  and  usually 
decrepitates.  Treated  with  cobalt-nitrate  solution  .and 
ignited,  it  becomes  blue.  Heated  strongly  in  closed  tube, 
it  gives  off  water.     It  is  insoluble. 

4.  Bauxite  is  a  hydrated  oxide  of  aluminum,  Al^O{OH)^, 
in  which  part  of  the  aluminum  is  usually  replaced  by  iron. 
It  occurs  amorphous  in  disseminated  grains  and  concre- 
tionary forms,  and  is  also  found  in  compact  clav-like  and 
sponge-like  masses.  Color,  white,  red,  yellow,  brown,  or 
black;  streak,  like  the  color;  opaque;  luster,  dull  or  earthy; 
tenacity,  brittle  or  earthy;  //  =  1  to  3;  6^  =  2.4  to  2.5. 

Bauxite  is  the  principal  source  of  aluminum. 

Tests  for  Identification, — B.  B.  infusible.  Gives  water  in 
closed  tube.  When  treated  with  cobalt-nitrate  solution  and 
ignited,  it  becomes  blue.  Difficultly  soluble  in  hydrochloric 
acid. 
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5.  Cryolite  is  a  double  fluoride  of  aluminum  and  sodium, 
JVa^AIF^,  or  ZNaF.AlF^.  Aluminum,  12. 8  per  cent. ;  sodium, 
32.8  per  cent.;  fluorine,  64.4  per  cent.  It 
crystallizes  in  the  monoclinic  system,  but 
the  axial  inclination  is  slight  and  the  crys- 
tals very  closely  approach  the  cube  or  cubic 
octahedron  in  form,  as  in  Fig.  2.  It  usually 
occurs  massive  and  frequently  in  blocks 
somewhat    resembling    ice    in    appearance. 

Color ^  white,  colorless,  or  brown;  streak,  white;  transpar- 
ent to  translucent;  /«.y/^r,  vitreous;  tenacity,  brittle;  clcav- 
age^  nearly  cubical  in  three  directions;  H  =  %.6\  G  =  2.95 
to  3. 

Cryolite  is  used  principally  in  the  manufacture  of  soda 
and  alum. 

Tests  for  Identification. —  B.  B.  fuses  easily  at  (1)  to  a 
clear  globule,  coloring  the  flame  yellow.  Reacts  for  fluorine 
Mrith  potassium  acid  sulphate,  KHSO^.  In  a  closed  tube  it 
yields  fumes  that  etch  the  glass,  and  is  soluble  in  acids 
^vithout  effervescence. 

6.  Glbbeite  is  aluminum  hydroxide,  A/{0//)^.  Alumina, 
--^/,(3„  65.4  per  cent.;  water,  34.6  per  cent.  It  crystallizes 
r-arely  in  the  monoclinic  system  in  small  six-sided  crystals, 
sind  occurs  usually  in  small  stalactites,  spheroidal  or  mamil- 
lary concretions.  Color,  white,  grayish,  greenish,  reddish, 
^nd  yellow;  streaky  white;  translucent;  luster,  vitreous  to 
pearly  or  dull;  tenacity,  brittle  to  tough;  cleavage,  basal 
perfect;  H  =  2.5  to  3.5;  G  =  2.3  to  2.4. 

Gibbsite  is  used  for  the  manufacture  of  aluminum. 

Tests  for  Identification, —  B.  B.  infusible,  exfoliates,  and 
becomes  white.  When  treated  with  cobalt-nitrate  .solution 
and  ignited,  it  becomes  deep  blue.  It  yields  water  in  a 
closed  tube,  and  is  soluble  in  sulphuric  and  hydrfx:hloric 
acids. 

7.  Spinel  is  magnesium  aluminate,  MgAlfi^\  alumina, 
Alfi^^  71.8  per  cent.;   magnesia,  MgO,  28.2  i>er  cent.     It 
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sometimes  contains  iron,    magnesia,    and   chromium,    and 

occurs  only  in  crystalline  form.  It  crystallizes  in  the 
isometric  system,  in  octahedrons  more  or 
less  modified  artd  often  twinned.  Fig.  3. 
Color ^  red  to  blue,  green,  yellow,  brown, 
and  black;  streaky  white;  transparent  to 
opaque;  luster^  vitreous;  tenacity^  brittle; 
cleavage^  octahedral;  //'  =  8;  (9  =  3.5 
to  4.5. 
^'°'  '  Tests  for  Identification.—^,  B.  infusible. 

It  is  insoluble  in  acids.     Its  octahedral  form  and  cleavage 

distinguish  it  from  the  oriental  ruby. 

Varieties, — The  scarlet  and  bright  red  crystals  are  called 

spinel   ruby;    rose-red,   balas   ruby;    orange-red,    rubicelle; 

viol.et,  almandine  ruby;   green,    chloro-spinel ;  black,  pleo- 

naste. 

8.  Alnnlte,  or  alnni  stone,  is  hyd rated  potassium 
aluminum  sulphate,  A'^/,5,(9,,,3//,(7.  Alumina,  Al^O^, 
37  per  cent. ;  potash,  A, (7,  11.4  per  cent. ;  sulphur  trioxide, 
SO^,  38. G  per  cent.;  water,  13  per  cent.  It  crystallizes  in 
the  hexagonal  system  in  tabular  rhombohedral  crystals,  and 
occurs  crystalline,  massive,  and  fibrous.  Color^  white, 
grayish,  or  reddish;  streaky  white;  transparent  to  nearly 
opaque;  luster^  vitreous;  tenacity^  brittle;  H  =■  3.4  to  4; 
t;  =  2.58  to  2.75 

Alunite  is  a  source  of  alum. 

Test  for  Identification. — B.  B.  infusible  and  decrepitates. 
With  soda  on  charcoal  it  is  infusible  but  gives  test  for  sul- 
phur on  silver.  It  yields  water  when  heated  to  redness  in 
closed  tube,  and  is  wholly  or  partially  soluble  in  hydro- 
chloric and  sulphuric  acids,  without  gelatinizing. 

9.  Turquoise  is  a  hydrated  phosphate  of  aluminum, 
Al^{OH)JV^Mfi.  Alumina,  Al^O^.  46.9  per  cent. ;  phos- 
phorus pentoxide,  P^O^,  22. G  per  cent.;  water,  20.5  per 
cent.  It  always  contains  some  copper,  which  gives  it  its 
color,    and   occurs  in   an    amorphous  condition,    incrusting 
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seams  and  Yeins,  also  in  opaque  nodules  or  rolled  masses. 
C^oior,  robin's-egg  blue  to  bluish*green;  opaque;  streaky 
^%vhite  or  pale  green j  luster^  waxy  to  dull;  tenacity^  brittle; 
.^  =  6;  G  =  ^^.6to2,83, 

The  tnost  delicately  colored  turquoise  is  highly  prized  as 
a.  gem< 

Tfsfs  for  Identificatmu — B.   B.   infusible,   turns  brown^ 

^.nd  colors  flame  green.     It  yields  water  in  a  closed  tube 

3.nd   turns   brown.     It   is  distinguished    from  bluish -green 

feldspar,  which  it  resembles,  by  its  infusibility  and  reactions 

_  for  phosphorus.     It  is  harder  than  chrysocolla. 

■  lO*  Native  antimony  usually  contains  a  small  amount 
of  silver,  iron,  or  arsenic.     It  sometimes  crystallines  in  the 

■  hexagonal  system  in  rhonibohedral  crystals,  but  ordinarily  it 
is  massive  with  a  distinct  lamellar,  or  granular,  structure. 
Color ^  tin*white;  streaky  tin-white  or  dark  gray;  opaque; 
luster^  metallic;  tamcity^  brittle  or  slightly  malleable;  ckav- 
mge^  basal  perfect;  //  =  3  to  3.5;  CT  =  6.5  to  6.72. 
^         Tests  for  IdcHtiJiCtttioH. — ^Fuses  at  (i),  and  colors  flame 

■  pale  green^  giving  copious  white  fumes  that  continue  to 
form  after  cessation  of  blast.  Charcoal  becomes  coated 
with  a  volatile  white  coat* 


a:ntibiox^^  imosRAijS 


tl*  Stlbnite,  or  antimony  gflance,  is  antimony  trisul- 
pbide,  Sb^S^.  Antimony, 
71.8  per  cent*;  sulphur, 
28/^  percent. ;  it  sometimes 
contains  gold  and  silver.  It 
crystallizes  in  the  ortho- 
bombic  system  in  prismatic 
"and  frequently  acicular  crystals.  The  vertical  planes  are 
striated  longitudinally,  Fig.  4.  Its  usual  occurrence  is  in 
imperfectly  crystallized  masses,  with  a  columnar  or  bladed 
structure;  sometimes  in  interlaced  bunches  of  needle-like 
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crystals,  Fig.  5  ;  and  also  in  granular  or  compact  masses. 
Coi&r,   light    lead-gray,  often    with    an    iridescent   tarnish; 

streaky  dark  grayish  *black  ; 
opaque  ;  /usfer^  metallic  j 
fenacifj,  brittle  ;  cfrava^r^ 
perfect,  parallel  to  one  ver- 
tical ed^e. 

Stibnite  is  the  principal 
source  of  antimony.  In  its 
natural  state^  it  is  used  in 
the  manufacture  of  rubber, 
safety  matches,  fireworks, 
and  pharmacciitifal  prepa* 
rations.  /    r 

Tests  f0r  Idtntifieatmn. — B.  B.  on  charcoal  fuses,  gi^'ei ' 
litmotiy  fumes,  white  coat,  and  other  tests  for  anti- 
mony. Strong  udor  of  burning  sulphun  In  a  closed 
tnbc  it  fuses  easily,  yields  a  little  sulphur,  and  dark  sub- 
limate brownish-red  when  cold*  It  is  completely  soluble  in 
strong  boilitig  hydrochloric  acid  with  e%^olution  of  hydrogen 
sulphide;  the  addition  of  water  calces  precipitation  of  white 
basic  salt  of  antimony. 


Ftfk& 


ABSENIC  mXERALa 

IS,    Xiitive  lifvenle  occurs  with  lead  and  stiver  ores  and 

iBaally  contains  small  amoonts  of  antimony  and  sometimes 

btsnsuth,  cobalt,  nickel,  iron,  sili-cr,  or  gold.     It  crystallises 

ithe  hexagonal  system  in  rhombobedral  crystals,  some* 

fnev'*  thottgfa  rarely,  needle- like, 

nui^Te,  or  botryoidaL     £>Apr, 

black :  streaky  dark  gi^y  to  black ;  opaque ;  luster^ 
inMMj^   brittle;  tiernvrngn^  basal  imperfect;    H 

/0r    ItimtipLmikm, — B.  B.  on  ebarcoal   TolatiHses 

fusing.  ^Tv  ng  white  fumes,  erystallime  white  sub- 

pale-bltie  fi^me,  and  stroi^  gmrlic  odor.     May  leave 


It  usually  occurs  ^ranu-  ■ 
r,  tin-while,  tarnishing  to  * 
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^csidue  of  impurities,  and  forms  a  metallic  sublimate  in 
^sed  tube. 


» 


US.  Orplment  is  arsenic  trisulphide,  ^s^S^,  Arsenic, 
^1^  per  cent,  ;  j^ulphur,  39  per  cent.  It  crystallizes  in  the 
<>«~tborhombic  system  in  imperfect  prismatic  crystals,  and 
OCT ^urs  usually  in  foliated  masses  that  cleave  into  thin  flexible 
P^^arly  scales,  or  in  granular  masses  or  reniform  crusts, 
^  **/ic^,  lemon-yellow;  streak,  lemon-yellow;  translucent  to 
'^^arly  opaque;  luster^  resinous  or  pearly;  tenacity^  sectilcj 
t<:>  brittle;  cleava^t\  perfect  brachypinacoidal  in  plates  and 
let^ves;  H  =  1.5  to  2;  G  =  3.4  to  3. 6, 

Tests  for  Identification. — B.  B.  on  charcoal  is  volatile  and 
^^^^tnbustible,  burning  with  a  blue  flame,  and  giving  the  odor 
^f  garlic  and  burning  sulphur*  It  gives  a  yellow  sublimate 
^'Tt  a  closed  tube.  It  is  soluble  in  nitric  acid  with  separation 
^^C  sulphur,  and  in  a  solution  of  potassium  hydroxide,  from 
^^^hich  solution  hydrochloric  acid  precipitates  yellow  sulphide 
^^ff  arsenic. 


14*  Realifiir  is  another  sulphide  of  arsenic,  As^S^^ 
-Arsenic,  70.1  per  cent. ;  sulphur,  '^^.9  per  cent.  It  crystal- 
lizes in  the  monoclinic  system,  and  occurs  in  transparent 
^^rystalsor  masses,  and  also  compact.  C^ior,  aurora  red  to 
^::krange*yellow;  streaky  orange*red;  translucent  to  trans-, 
pkarent;  luster^  resinous;  tenacity^  slightly  sec  tile  or  brittle  fl 
^itavage^  clinopinacoidal  and  basal;  //—1. 5  to  3;  G  —  ZA 

Realgar  is  used  as  a  pigment  and  color  in  fireworks* 
Tests  f^r  /(ifntifimtian,— The  tests  are  the  same  as  for 

orpiment,  except   that   the  sublimate   in  the  closed  tube 

is  red. 


16*  AP9enopyrlt«,  mteplc-kel,  or  arsenical  pyrites,  is 
a  sulph-arsenide  of  iron,  FeAsS,  Iron,  3-4.4  per  cent.; 
arsenic,  46  per  cent.;  sulphur,  19.6  per  cent.  It  frequently 
contains  gold,  while  sometimes  the  iron  is  partially  replaced 
by  cobalt,  or  the  arsenic  by  antimony.     It  crystallizes  in 
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the  orthorhombic  system  in  rhombic  prisms,  Fig.  6,  often 
elongated  horizontally,  and  is  usually  found  in  compact  or 
granular  masses  or  disseminated  grains. 
Color ^  silver-white  to  steel-gray;  streak, 
grayish-black;  opaque;  luster,  metallic; 
tenacity,  brittle;  cleavage,  prismatic,  dis- 
tinct.    Zr  =  5.5  to  6;  G^  =  6  to  6.4. 

It  is  the  chief  source  of  arsenic,  and  is 
sometimes  worked  for  gold  and  cobalt. 
Tests  for  Identification, — B.  B.  on  charcoal  fuses  at  (2)  to 
a  magnetic  globule,  giving  white  arsenic  coat  and  garlic 
odor,  also  odor  of  burning  sulphur.  This  globule  may  react 
for  cobalt.  In  a  closed  tube,  it  gives  sublimate  of  arsenic  sul- 
phide. It  is  insoluble  in  hydrochloric  acid,  but  soluble  in 
nitric  acid  with  separation  of  sulphur. 


BARIUM   MINERAIiS 

16.  Barlte,  or  heavy  spar,  is  barium  sulphate,  BaSO^, 
Barium  oxide,  BaO,  65.7  per  cent.;  sulphur  trioxide,  SO^, 
34.3  per  cent.  A  part  of  the  barium 
is  sometimes  replaced  by  calcium  and 
strontium.  It  crystallizes  in  the 
orthorhombic  system  in  rhombic 
prisms  or  flat  tabular  forms;  some 
of  these  forms  are  shown  in  Fig.  7. 
It  also  occurs  massive,  columnar, 
fibrous,  granular,  and  compact. 
Color,  white,  light  yellow,  blue, 
red,  or  brown;  streak,  white;  trans- 
parent to  opaque;  luster,  vitreous 
or  pearly;  tenacity ,  briiile;  cleavage,  fio.  7 

basal  and  prismatic,  perfect ;  iy  =  2.5  to  3.5;  (7  =4.3  to  4.6. 

Barite  is  sometimes  ground  and  used  as  an  adulterant  for 
white  lead.  Colored  varieties  are  sometimes  used  for  orna- 
mental slabs,  etc. 
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Tests  far  Tdeniijtcatwn. — B.  B.  decrepitates  and  fuses  at 
C3),  giving  a  yellowish*green  tinge  to  the  flame.  The  resi- 
due froni  fusion  reacts  alkaline.  Fused  with  soda,  it  gives 
SL  sulphur  reaction  on  silver.     It  is  insoluble  in  acids. 


17*    Wltherlt©  is  barium  carbonate,    BaCO^.     Barium 
oxide,   BaO,  77.7  per  cent,:  carbon  dioxide,  C<9„  23.3  per 
oent.      It  crystallizes  in  the  orthorhom- 
\mc  system  in  six-sided  pyramids  in  com- 
plex forms  with  deep  horizontal  striatioos 
on  the  faces  due  to  repeated  twinning, 
as  in   Fig,   8.     It  occurs  also  in  heavy 
masses,  globular,  or  botryoidal  forms, and 
is  also  fibrous  or  granular,     Coior^  white, 
grray,  or  yellowish;  streaky  white;  trans- 
parent to  opaque;  /wi^rr»  vitreous  j  tetau- 
ity^  brittle;  cieava^c,   brachypinacoidal^ 
distinct;  /f  =  3  to  4;  C  =  4.^9  to  4.35. 
Tests  for  Identification. — B,  B.  fuses 
at  (2),  coloring  flame  yellowish-green.     The  residue  from 
fusion  reacts  alkaline.     It  is  soluble  in  dilute  hydrochloric 
acid  with  effervescence,  but  is  less  soluble  in  concentrated 
acid.      Sulphuric  acid   added    to  the   solution  precipitates 
white  barium  sulphate. 
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18.  Katlve  bismuth  is  often  alloyed  with  arsenic  or  is 
impure  from  sulphur  or  tellurium.  It  crystallizes  in  the 
hexagonal  system,  but  usually  occurs  massive  and  sometimes 
granular.  Cidor^  reddish  silver- white;  streaky  silver-white; 
opaque;  luster,  metallic;  tenacity^  sectile  to  brittle;  H  —  % 
to  2,5;  C  =  9.7  to  9,83. 

Tests  for  !dentifieation.^\^.  B.  fuses  at  (1),  volatilizing 
completely.  On  charctiai  it  gives  a  volatile  orange-yellow 
coat.  It  is  soluble  in  strong  nitric  acid;  water  precipitates 
a  white  basic  salt  from  this  sohition. 
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19.  Tetra4yiiiite,  Bi^Te^^  is  a  telluride  of  bismuth. 
Composition:  bismuth,  48.1  per  cent.;  tellurium,  51.9  per 
cent.  The  composition  is  somewhat  variable,  as  it  usually 
contains  sulphur,  and  its  composition  is  often  given  as 
BiJ^  Te^S)^.  It  crystallizes  in  the  hexagonal  system  in  small, 
indistinct  rhombohedral  crystals,  and  also  occurs  in  soft, 
flexible,  foliated  masses.  It  will  mark  paper  like  graphite. 
Color ^  pale  steel-gray;  streak,  dark  gray  to  black;  opaque; 
luster,  metallic;  tenacity,  laminae  flexible,  slightly  sectile; 
cleavage,  basal,  perfect;  //  =  1.5  to  2;  (7  =  7.2  to  7.9. 

Tests  for  Identification, — B.  B.  on  charcoal  fuses  easily 
and  volatilizes,  giving  white  coating  of  TeO^  followed  by 
orange-yellow  Bi^O^.  The  flame  is  colored  blue.  White  sub- 
limate in  closed  tube.  This  sublimate,  if  placed  on  porcelain 
and  moistened  with  a  drop  of  concentrated  sulphuric  acid, 
becomes  rose-colored.  If  the  mineral  is  dropped  into  boiling 
concentrated  sulphuric  acid  a  deep  violet  color  is  produced. 

20.  Blsmuthinite  is  bismuth  trisulphide,  Bi^S^,  Bis- 
inuth,  81.2  per  cent. ;  sulphur,  18.8  per  cent. ;  it  sometimes 
contains  copper  or  iron.  It  crystallizes  in  the  orthorhombic 
system  in  acicular  crystals  and  occurs  usually  in  foliated  or 
fibrous  masses.  Color,  lead-gray  to  tin-white  often  with  a 
yellow  tarnish;  streak,  lead-gray  to  black;  opaque;  luster, 
metallic;  tenacity,  slightly  sectile;  cleavage,  brachypina- 
coidal,  perfect;  H  ^1\  G^  -6.4  to  6.5. 

Tests  for  Identification. — B.  B.  on  charcoal  fuses  at  (1), 
giving  odor  of  burning  sulphur  and  orange-yellow  coating  of 
Bifi^\  gives  all  other  characteristic  reactions  for  bismuth. 
Fused  with  soda,  it  reacts  fof  sulphur  on  silver. 


BORON    MINERAIiS 

31.     Sassolite,   or    sassolln,    is    natural    boracic    acid, 

H^BO^.  Boron  trioxide,  Bfi^,  56.4  per  cent.;  water, 
43.6  per  cent.  It  occurs  rarely  in  minute  monoclinic  crys- 
tals, or  stalactitic,  but  usually  in  solution  or  vapor  in  vol- 
canic regions.     Color,   white   or  yellowish;   streaky    white; 
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tr.^nslticent;  ii4sftr,  pearly;  teitaafj%  brittle;  iasU,  acid  and 

&    I  ittle  saiiiie  and  bitter;  H  ^  l\  G  —  1.43. 

Sassolite  is  an  imirartant  source  of  borax. 

Tests  for  Identification. — B.  B.   on  charcoal  fuses  easily 

T«"  i  ^h  iniiimescence  to  a  clear,  colorless  glass,  coloring  the 

Ifl^B^me  yellowish-green*     It  yields  water  in  closed  tube  and 

IS.      soluble  in  water, 

* 
liJSJ,    Ikirax,    or    tlnkal,    is   hydrous    sodium    biborate, 

«^/>^O,,10///?.  Boron  trioxide,  /^^,,  30.6  per  cent.; 
'^a,  N'a^O,  l^.H  per  cent.;  water,  47.2  per  cent.  It  crys- 
llizes  in  the  niunoclinic  system^  the  crystals  resembling 
Lose  of  pyroxene,  and  occurs  as  a  constituent  of  certain 
\,  but  usually  in  solution,  in  lakes  in  various  parts  of 
*^^^e  trorld,  or  crystalline  in  the  mud  in  the  bottom  or  on  the 
^4~mores  of  these  lakes.  Coior,  white;  streaky  white;  translu- 
*^^^nt  to  opaque ;  /aster,  vitreous  or  resinous  to  dull;  tenacit}*, 
"^"^^ry  brittle;  ckavage,  pinacoidal,  perfect;  taste,  feebly  alka- 
>^i  ne;  //  =  2  to  2.5;  ^  ^  1.69  to  L72. 

Bora%  15  an  important  flux  in  assaying  and  metallurgical 
^^perations.  It  is  used  extensively  in  the  manufacture  of 
^^laps,  soap  powders,  and  glass,  also  in  medicine. 

Tfsts  for  Idattijication. — B.  B.  swells  greatly  and  fuses 
Easily  to  a  clear  glass,  coloring  the  flame  yellow.  When 
*^!xed  with  potassium  bisulphate  and  powdered  fluorite,  the 
fiame  is  momentarily  colored  yellowish-green.  It  yields 
'Vrater  in  closed  tube  and  is  soluble  in  water, 

'i3*     Bnraelte,  or  stassfurtlte,  is  a  double  borate  and 
c:hloride  of  magnesium,  Mg^Ci^B^^O^^,    Boron  trioxide,  B^O^^ 

f5^  per  cent.;  magnesia^    ^-^--^^ n 

MgO^  31   per  cent.;   chlo-    |       Y    S/ 
rine,  7  per  cent.    It  crystal- 
lizes   in    the   isometric 
system*    usually     in    small 

rubes  with  alternate  angles  f«/  1*; 

replaced.  Fig.  9  {a),  or  with 

ill  replaced  but  four  of  them  differently  from    the   other 
tour,  Fig.  ^  i^)'     It  occurs  as  colorless  crystals  imbedded  in 
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gypsum  or  as  soft  masses.  Color ^  white,  grayish,  yellowish, 
or  greenish;  streaky  white;  transparent  to  opaque;  luster^ 
vitreous;  tenacity^  brittle;  cleavage^  only  in  traces;  H  =.  ^ 
(crystals),  4.5  (masses);  (7  =  2.9  to  3. 

Tests  for  fdentification. — B.  B.  fuses  with  intumescence 
to  a  white  glass,  coloring  the  flame  yellowish-green.  It 
yields  little  or  no  water  in  a  closed  tube ;  moistened  with 
cobalt-nitrate  solution  and  ignited,  it  turns  pink.  It  is 
slowly  soluble  in  hydrochloric  acid. 

24,  Ulexlte,  or  boronatrocalclte,  is  hydrous  calcium 
sodium  borate,  CaNaBfi^,%HjO,  Boron  trioxide,  -ff,0„ 
43  per  cent.,  calcium  oxide,  CaO^  13.8  per  cent.;  sodium 
oxide,  Na^O,  7.7  per  cent. ;  water,  35.6  per  cent.  It  occurs 
in  white  rounded  masses  of  loosely  compacted,  intertwined, 
silky  fibers  that  are  easily  pulverized  between  the  fingers. 
Color ^  white;  streak,  white;  translucent  to  opaque;  luster^ 
silky;  tenacity,  brittle  or  sectile;  cleavage^  finely  fibrous; 
tasteless;  // =  1;  G^  =  1.65. 

Ulexite  is  a  source  of  borax. 

Tests  for  Identification. — B.  B.  fuses  at  (1)  with  intumes- 
cence to  a  clear  glass,  coloring  the  flame  yellow.  Moistened 
with  sulphuric  acid,  it  colors  the  flame  momentarily  deep 
green.     It  yields  water  in  a  closed  tube  and  is  soluble  in  acids. 


CA1>MIUM  AN1>  CALCIUM  MINERALS 

25.  There  are  but  two  eadmliini  minerals  known,  the 
sulphide  grecnockitc  and  the  silicate  cggonite ;  the  latter  is 
of  little  importance.  Cadmium  occurs  generally  as  an 
impurity  in  some  of  the  zinc  minerals,  particularly  smith- 
sonite,  sphalerite,  and  calamine. 

26.  Greenocklte  is  cadmium  sulphide,  CdS,  Cadmium, 
77.7  per  cent. ;  sulphur,  22.3  per  cent.  It  crystallizes  rarely 
in  the  hexagonal  system  in  hemimorphic  crystals  and  occurs 
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usually  massive  or  incrusting,  as  a  bright  yellow  powder  on 
sphalerite  or  a  yellow  coloration  in  smithsonite,  termed 
turkey  fat.  Color  ^  various  shades  of  yellow;  streak,  orange- 
yellow;  transparent  to  opaque;  luster^  adamantine  to 
resinous  or  earthy;  tenacity^  brittle;  fracture^  distinct 
conchoidal;  Z/'  =  3  to  3.5;  6^  =  4.8  to  5. 

Tests  for  Identification, —  B.  B.  infusible  but  easily  vola 
tilized  in  reducing  flame,  coating  the  coal  with  the  char- 
acteristic iridescent  (peacock  feather)  coat  of  cadmium 
oxide.  It  has  an  odor  of  burning  sulphur  and  is  soluble 
in  strong  hydrochloric  acid  with  evolution  of  hydrogen 
sulphide. 

27.  Calclte,  or  calc  spar,  is  calcium  carbonate,  CaCO^, 
Calcium  oxide,  CaO^  56  per  cent. ;  carbon  dioxide,  CO^, 
44  per  cent.  Sometimes  iron  oxide  and  other  substances 
are  mixed  with  it.  It  crystallizes  in  the  hexagonal  system 
in  a  variety  of  forms,  the  most  common  being  the  rhombo- 
hedron,  Fig.  10  {a) ;  other  common  forms  are  also  shown  in 
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Fig.  10.  It  occurs  massive,  coarse,  fine  granular,  fibrous, 
lamellar,  or  pulverulent.  Color,  white,  colorless,  yellow, 
pale  shades  of  red,  green,  or  blue;  streak,  white;  trans- 
parent to  opaque;  luster,  vitreous  to  dull;  tenacity,  brittle; 
cleavage^  rhombohedral  perfect  and  easy ;  H  =  2  to  3 
G  =  2.5  to  2.8. 
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7\'$ts  for  Identijicatwn, — B,  B.  infusible;  becomes opaq ^^ 
and  incandescent  ;  the  residue  reacts  alkaline.  Wh^^^ 
moistened  with  hydrochloric  acid,  it  colors  the  flame  re?^^ 
It  is  easily  soluble  in  cold  dilute  hydrochloric  acid  wi 
effervescence, 

Varieties . — Of  the  many  varieties  of  caicfte  the  follow in- 
are  the  most  important  :  Iceland  spar,  a  clear  transparei^^"" 
form;  possesses  to  a  marked  degree  the  power  of  doubl--  ^ 
refraction.  Dog-tootk  spar  has  scalenohedral  crystals  ^^^ 
Fig.  10  {e).  Satin  spar  is  finely  librous  with  a  silky  or^-^ 
satin  luster.  Marble  is  a  coarse-  to  iine-grafned  crystalline 
Ihtiestone  of  various  colors  :  the  best  marble  is  white  and 
fine-grained.  Limestone  is  a  dull  non-crystalline  compact 
material  that  on  burning  affords  quicklime.  Chalk  is  a 
soft,  white,  lusterless,  earthy  mass.  Stalactites  are  icicle- 
like deposits  hanging  froin  the  roofs  of  caves  and  formed 
by  dripping  water  containing  calcium  carbonate  in  solution. 
Stalagmites  are  of  the  same  origin  and  somewhat  similar 
to  stalactites,  only  they  are  built  upwards  from  the  floors 
of  caverns  by  drippings  from  above.  Travertine^  onyx 
marble,  and  Mexican  onyx  are  banded  layers  of  calcium  car- 
bonate deposited  by  springs  and  rivers, 

28.    Aragonlte    is  chemically  the  same  as  calcite  (cal- 
cium carbonate),  but  dif- 
fers  from   it    in    that    it 
crystallizes  in  the  ortho- 
rhombic   system   in    long 
stellated        prisms, 
Fig.  11  {a).     It  is  usually 
compounded    so    as    to^i 
have    the   appearance    of 
a  hexagonal  prism, 
Fig.  11  {b)\  it  also  occurs 
in  a  coraMike  form  found  ^ 
in   iron    mines-       Color^ 
white,     grayish,     yellow  J 
pale    green,    and    violet;! 


(n^ 
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ttreaky  white;  transparent  to   translucent; 
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Fig,  1^ 


to   dull;    tenacity,    brittle;  ch'itimgt\   prismatic,    imperfect; 
y/  =  3^  to  4;  G  =  3,93  to  3.95, 

Tests  for  IJe/itiJicaticm.—B.  B.  like  calctte,  but   whitens 
^md  falls  to  pieces  on  heating, 

29.     Dolomite,  pearl  spar,  or  magru^^lii-n  Uineetoiie,  is 

o  double  carbonate  of  calcium  and  magnesium,  CaJlfg{COJ^ 
Calcium  oxide,  CaO^  30.6  per  cent ;  mag- 
nesium oxide,  ^^^0,  21.?  per  cent.;  carbon 
dioxide,  CO^,  47,8  per  cent.  The  propor- 
tion of  calcium  to  magnesium  may  vary 
slightly,  and  either  or  both  may  be  par- 
tially  replaced  by  iron  or  manganese.  It 
crystallizes  in  the  hexagonal  system  in 
rhombohedral  crystals  with  edges  and  faces  sometimes 
curved,  Fig.  12;  it  also  occurs  granular  massive  or  compact  in 
extensive  beds.  Color,  white,  pink,  gray,  yellowish,  brown, 
or  black;  streak,  white;  translucent  to  opaque;  luster^ 
iritreous,  pearly  to  dull;  tenacity,  brittle;  clmvagey  rhombo- 
liedral  perfect;  //  =  3.5  to  4;   6"  =  2.8  to  2.9. 

Tests  for  Identification. — B.  B.  infusible;  becomes  incan- 
descent; the  residue  gives  an  alkaline  reaction.  When 
moistened  with  hydrochloric  acid,  it  colors  the  flame  red. 
Moistened  with  cobalt *nitrate  solution  and  ignited,  it 
becomes  pink.  When  powdered,  it  is  sometimes  readily 
attacked  by  cold  dilute  hydrochloric  acid,  and  sometimes 
not;  the  warmed  acid  dissolves  it  readily  even  in  lumps,  with 
effervescence. 

FififiWiVx. —The  following  are  the  principal  varieties  of 
ilolomitc;  Do/if  mite,  white,  crystalline,  and  granular,  has 
very  much  the  same  appearance  as  granular  limestone, 
Peari  s/ar  occurs  in  pearly  rhombohedrons  with  curved 
faces.  Brown  spar,  or  rhomb  spar,  occurs  in  rhombo- 
hedrons that  become  brown  on  exposure  owing  to  the 
presence  of  a  small  percentage  of  oxide  of  iron  or  man- 
ganese. 

White  massive  dolomite  is  used  extensively  as  a  marble. 
Dolomite  is  also  used  as  a  flux  in  blast  furnaces  and  to 


Fig  18, 


some  extent  for  the  manufacture  of  Epsom  salts  (mag^nesium 
sulphate). 

30*  Gypsum  is  hydrous  calchim  sulphate,  CaSO^^  %HJ}, 
Calcium  oxide^  33.5   percent;  sulphur   trioxide,  46,  G   per 

cent,;  water,  20,9  per   cent. 
It  crystallizes  in    the   mono- 
clinic    system,    taking     the 
form  shown   in   Fig.   IB  {a), 
or  is  twinned,  as  shown   in  _ 
Fig.  13    {b)\   it    also  occurs  J 
granular,  foliated,  laminated, 
fibrous,    and    massive.     The 
laminated    form    looks    very 
much     like     mica.       Caior, 
white,  colorless,  gray,  yellow^  ^ 
red,  brown,  or  black;  5/rm^pJ 
white;   transparent  to  opaque;  iuster^  |>early,  silky,  vitre- 
ous,   to    dull;    ti'tiiUUy,    brittle    to    sectile,  plates   flexible 
in  one  direction  and  brittle  in  another;  cleavage^  clinopin- 
acoidal,  parallel    to   broad    face;    // =  L5  to  2;  C=  2*31^ 
to  2.33.  ' 

Gypsum  is  sometimes  ground  and  used  as  fertilizer.     One 
of  its  principal   uses  is  for  the  manufacture  of  plaster  of  J 
Paris,  " 

Tests  for  Identijication.  —  B,  B.  quickly  becomes  white 
and  then  fuses  to  a  globule  having  an  alkaline  reac- 
tion. It  colors  the  flame*  yellowish-red  and  yields  water 
in  the  closed  tube.  It  is  soluble  in  hydrochloric  acid. 
When  fused  with  soda,  it  gives  sulphur  reaction  on 
stiven  H 

Varieties.—Th^  following  are  the  principal  varieties  of^ 
gypsum:  Seienite  has  transparent  crystals  or  broad  plates; 
saiin  sfitir^  white,  translucent,  and  delicately  fibrous,  with 
pearly  opalescence  or  silky  sheen;  atabasicr,  w^hite  or 
light-colored  compact  gypsum  of  fine  grain  suitable  for 
carving;  rock  gfpsum,  scaly,  granular,  dull -colored,  and 
compact. 
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31,  Anhydrite  is  anhydrous  calcium  sulphate,  CaSO^. 
CI!alcium  oxide,  CaO^  41/^  per  cent. ;  sulphur  trioxide,  SO^^ 
.SS.8  per  cent.  It  crystallizes  in  the  orthorhombic  system 
x-arejy,  but  occurs  granular,  and  in  fibrous  and  lamellar 
mTi asses  that  are  often  contorted.  Color ^  white  to  bluish  or 
:«reddish;  s/rtak^  white;  translucent  to  opaque;  lusfer^  vitre- 
ous to  pearly;  tenacity,  brittle;  ckavage,  in  three  directions 
^t  right  angles. 

Tests  /or  IdentificaiwH.—^^^niiions  the  same  as  for  gyp- 
^^um,  except  that  it  yields  no  water  in  closed  tube, 

33,  Fhiorltje,  or  floor  @iiar,  is  calcium  fluoride,  CaF^, 
C^alcium,  Ca^  51.1  percent.;  fluorite,  F,  48- 9  percent.  It 
^::rystaliizes  in  the  isometric  system,  usually  in  cubes, 
Tig,  14  {a),  but  also  in  compound  forms.  Fig,  14  (*),  {c)^ 
snd  {d)^  and  occurs  as  glassy,  transparent  cubes,  also  in 
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cleavable  masses,  the  colors  of  which  are  often  banded, 
Col^r^  white,  colorless,  yellow,  blue,  green,  red,  brown,  or 
black;  streaky  white;  transparent  to  nearly  opaque; /wj/^ 
vitreous;  Unaaty,  brittle;  ^ieavage^  octahedral;  11=4; 
G"=  3  to  3.25, 

Fluorite  is  used  as  a  flux  in  smelting  ores;  for  the  manu- 
facture of  hydrofluoric  acid,  and  opalescent  glass;  as  an 
enamel  for  cooking  utensils. 

Tfs/s  for  Identification, — B,  B.  decrepitates  and  fuses  at 
(3)  to  a  white  opaque  glass,  giving  an  alkaline  reaction.  It 
colors  the  flame  red.    After  gentle  heating  in  a  closed  tube, 
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it  becomes  phosphorescent.  It  reacts  for  fluorine  when 
heated  with  potassium  bisulphate  in  closed  tube,  and  is 
soluble  in  hydrochloric  acid. 

33.  Apatite,  or  asparagrus  stone,  is  a  double  phos- 
phate and  chloride,  or  fluoride  of  calcium,  Ca^{CLF)  {PO^^ 
When  chlorine  is  present  in  place  of  fluorine,  it  is  called 
chlorapatite  ;  when  fluorine  is  in  the  place  of  chlorine,  fluor- 
apatite.     It  crystallizes  in  the  hexagonal  system  in  prisms, 

Fig.  15  (a),  (*),  and  (r),  and 
occurs  also  massive  and  gran- 
ular or  nodular.  Color ^  white, 
colorless,  yellow,  green,  red, 
violet,  brown;  streaky  white; 
transparent  to  opaque  ;  lus- 
ter^ vitreous  to  resinous; 
tenacity^  brittle ;  cleavage, 
basal  and  prismatic  perfect; 
H  =  4.5  to  5;  C  =  3.17 
to  3.23. 

Apatite  or  mineral  .  phos- 
phate finds  great  use  as  a 
fertilizer;  by  treatment  with  sulphuric  acid  the  phosphoric 
acid  is  set  free  and  rendered  available.  It  is  also  used  for 
the  manufacture  of  phosphorus. 

Tests  for  Identification. — B.  B.  fuses  with  difficulty  at 
(4.5  to  5)  and  colors  the  flame  yellowish-red;  if  moistened 
with  concentrated  sulphuric  acid,  it  colors  flame  momen- 
tarily bhiish-green.  It  reacts  for  phosphorus  with  mag- 
nesium, and  is  soluble  in  hydrochloric  acid. 

Varieties, — The  following  mineral  phosphates  are  essen- 
tially the  same  in  composition  as  apatite  :  Phosphorite^ 
concretionary  masses  with  fibrous  or  scaly  structure, -//=  4.5; 
osteolite^  compact,  earthy,  and  impure,  of  white  or  gray 
color,  //  =  1  to  2;  phosphate  rock,  large,  massive  deposits  of 
a  white,  gray,  brown,  or  black  color,  //  =  2  to  5;  guano  is 
granular  to  sponge-like  and  compact,  of  a  gray  to  brown 
color,  and  consists  of  fossil  excrement  of  birds,  etc. 
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CARBON  AND   HYDROCARBON  MINERALS 


CARBON  MINEILfVLS 

34.     The  diamond  is  practically  pure  crystallized  car- 
bon.    It  crystallizes  in  the  isometric  system  in  octahedrons, 
hex:  octahedrons,  dodecahedrons, 
and   other  more  complex  forms. 
Ttke   natural,  or  rough   uncut, 
diamonds,  frequently  have  worn 
or     rounded  edges,  Fig.  16  (a), 
or  oxirved  faces,  as  in  Fig.  16  (d) ; 
sometimes  the  faces  are  marked 
t^y    small  triangular  pits,  as  in  Fig.  16  (a).     They  are  also 
Poland  in  translucent,  rough,  rounded,  crystalline  aggregates 
^«ici  opaque  crystalline  or  compact  masses  of  a  gray  to  black 
^^lor,  and  no  distinct  cleavage.     The  diamond  is  th(;  hardest 
kuo'wn  substance.     The  clear,  colorless  stones  (said  to  be 
**  of  the  first  water  ")  are  the  most  highly  prized  as  gems, 
^nci  when  properly  cut  possess  great  brilliancy,  giving  a  play 
^^     prismatic   colors  due  to   their  great    refractive  power. 
^olor^  yellow,  red,  orange,  green,  blue,  brown,  gray,  black, 
^nd   colorless;   streak,   white;    transparent   to  translucent; 
^^ster^  adamantine;  tenacity,  brittle;  cleavage,  octahedral, 
Perfect;  //  =  10;   6^  =  3.15  to  3.55. 

Tests  for  Identification. — B.  B.  infusible,  but  in  the  form 
^f  fine  powder  is  burned  to  carbon  dioxide.  It  is  in5^iluble. 
T*he  most  reliable  test  is  its  hardness. 

Varieties. — Besides  the  beautiful  variety  suitable  for  gems, 
there  is  a  translucent  non-cleavable  vari':ty  called  hort,  which 
is  often  harder  and  tougher  than  the  well -crystallized 
variety.  The  carbonado,  or  black  diamond,  is  found  in 
Brazil  in  the  form  of  black  \^:\j\A",s  or  masvrs  having  no 
cleavage.  Both  borts  and  carrv/nad'^yrs  are  iiv:d  in  the  h:l% 
of  diamond  drills,  and  their  i/^^wder  i^fT  r\\\Uw^  and  yAinh- 
ing  other  diamonds. 

35.  Graphite,  or  pi rinri liaico,  -/^r.^'-.r-.tri*:^  'irr^^r.^^f  i^ly 
called  dlacJk  Uad^  is,  like  :ir.e  '\/a.z:/AA,'jAu\pft-.*'A  of  pracf.icaily 
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pure  carbon,  the  difference  between  them  being  physical 
rather  than  chemical.  It  is  found  in  crystalline  rocks,  gneiss, 
mica  schist,  and  crystalline  limestones,  and  crystallizes  in  the 
'  hexagonal  system  in  six-sided  prisms  or  plates.  It  occurs 
usually  in  foliated  masses,  granular,  or  in  disseminated 
scales.  When  impure  it  often  "has  a  slaty  or  earthy  appear- 
ance. Color,  dark  gray  to  black;  streaky  dark  gray  to  black; 
opaque;  luster,  metallic;  tenacity,  sectile,  scales  flexible; 
feel,  greasy;  marks  paper;  cleavage,  basal,  perfect,  cleaves 
into  plates;  /j^=  1  to  2;  6'  =  2  to  2.27. 

Resembles  molybdenite  (see  Art.  92).  Graphite  finds 
extensive  use  in  the  manufacture  of  lead  pencils  and  cruci- 
bles.    It  is  used  to  some  extent  as  a  lubricant. 

Tests  for  Identification, — B.  B.  infusible,  but  is  gradually 
burned.  When  impure,  it  may  react  for  water,  iron,  and 
sulphur.     It  is  insoluble  in  acids. 

36,  Coal  is  essentially  carbon,  associated  with  more  or 
less  hydrocarbons  (chemical  compounds  of  hydrogen  and 
carbon,  in  various  proportions).  It  is  the  result  of  the 
decomposition  of  vegetable  matter  in  the  presence  of  water 
and  out  of  contact  with  the  air,  as,  for  instance,  the  sub- 
merged accumulations  in  swamps.  The  immense  coal  beds 
of  the  world  were  formed  at  periods  when  such  vegetation 
was  much  more  luxuriant  than  at  present.  These  beds 
were  in  time  covered  by  other  formations,  and  were  gradu- 
ally consolidated  by  the  weight  of  the  accumulating  strata 
and  sometimes,  as  in  the  case  of  anthracite,  metamorphosed 
into  coal  by  the  heat  of  the  earth,  or  occasionally  by  the 
heat  due  to  local  faulting  or  volcanic  action.  The  variety  of 
coal  sometimes  depends  on  the  age  of  the  deposit.  Peat 
grades  into  brown  coal  ox  lignite  ;  lignite  grades  into  one  of 
the  varieties  of  bituminous  coal,  and  semibituminous  coal 
grades  through  semianthracite  into  anthracite,  which  is  the 
highest  form  of  coal.  Graphite  represents  a  still  higher 
stage  in  the  metamorphosis  of  vegetable  carbon  into 
mineral  matter,  and  the  diamond  is  the  ultimate  product — 
pure  crystallized  carbon. 
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All  varieties  of  coal  have  a  more  or  less  compactT massive 
tructure,  not  crystalline,  and  without  true  cleavage,  though 
sometimes  breaking  with  a  degree  of  regularity,  but  from  a 
jointed  rather  than  a  cleavage  structure.  It  is  sometimes 
laminated,  and  is  often  faintly  and  delicately  banded,  suc- 
cessive layers  differing  slightly  in  luster. 

The  Ci^lar  varies  in  different  coals  from  black  to  grayish- 
Ijlack*  brownish-black,  and  sometimes  dark  brown  j  occasion- 
lly  it  is  iridescent.  Its  luster  varies  also  from  dull  to 
fcriUiaritt  sometimes  either  earthy,  resinous^  or  submetallic, 
^racinre  varies  with  the  kind  of  coaL  Its  tenacity  is  brittle; 
rarely  somewhat  sectile.  Without  taste  except  from  the 
impurities  present.  Infusible  to  subfusible,  but  often 
becoming  a  soft,  pliant,  or  paste-like  mass  when  heated. 
On  distillation,  most  kinds  yield  more  or  less  of  tarry  or  oily 
substances,  which  arc  mixtures  of  various  hydrocarbons. 

37,  The  different  varieties  of  coal  are  classified  princi- 
pally according  to  the  proportion  and  character  of  volatile 
iBatter  that  they  contain.  This  volatile  matter  is  made  up 
of  more  or  less  water,  some  sulphur,  and  the  various  hydro- 
carbon oils  and  gases.  The  different  varieties  of  coal  also 
differ  from  one  another,  and  more  or  less  among  themselves, 
in  structure,  luster,  and  other  physical  characteristics.  The 
hardness  varies  in  the  different  varieties  from  ,5  to  :^,5,  and 
the  specific  gravity  from  1  to  1.8.  The  principal  varieties  of 
coal  are  anthracite,  bituminous  coal,  cannel  coal,  and  brown 
coal  or  lignite. 

Anthracite  has  a  bright  luster,  often  submetallic.  Its 
color  is  black,  occasionally  iridescent;  its  fracture,  con- 
choidal*  volatile  matter,  after  drying  (volatile  hydro- 
carbons), from  3  per  cent,  to  6  per  cent,  (with  a  trace  of 
sulphur).  It  burns  with  a  feeble  blue  flame  and  contains 
from  80  per  cent,  to  95  per  cent,  of  fixed  carbon  and  4  per 
cent,  to  \%  percent,  of  earthy  impurities  (ash).  Anthracite 
graduates  into  bituminous  coal,  becoming  less  hard  and 
containing  more  volatile  matter*  an  intermediate  variety  is 
called  fr€€-  b  u  rn  ing  a  n  ih  rue  it e^  or  se  m  tan  t  h  rac  itt. 
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Bituminous  coal  includes  several  varieties  of  coal  differing 
widely  in  composition,  physical  characteristics,  and  in  their 
behavior  when  heated.  They  have  the  common  character- 
istic of  burning  with  a  smoky,  yellow  flame,  and  giving  off 
hydrocarbon  oils  and  tar  on  distillation.  The  proportion  of 
these  volatile  hydrocarbons  in  the  ordinary  varieties  varies 
from  20  per  cent,  to  45  per  cent.,  and  some  varieties  contain 
over  60  per  cent.  The  proportion  of  ash  varies  from  1.5  per 
cent.  to7. 5  percent. — considerablylessthanthatof  anthracite. 
The  explanation  of  this  lies  in  the  fact  that  anthracite  was 
originally  bituminous  coal,  and  as  its  volume  was  reduced  by 
the  expulsion  of  volatile  matter,  the  proportion  of  ash  to  com- 
bustible matter  naturally  became  greater.  The  sulphur  in 
bituminous  coals  ranges  from  a  fraction  of  1  per  cent.,  in  the 
best  coals,  to  2  per  cent,  and  2.5  per  cent,  in  poorer  varieties. 

38,  Bituminous  coals  may  be  divided  into  caking  (or 
coking)  and  non-caking  coals. 

Caking  coals  soften  when  heated,  and  become  pasty,  or 
semiviscid,  and  the  pieces  gum  together.  If  the  heating  is 
conducted  in  retorts  or  in  heaps,  with  a  limited  supply  of 
air,  so  that  the  volatile  matter  is  distilled  off  without  burn- 
ing the  carbon,  the  latter  will  remain,  after  the  distillation 
is  complete,  as  the  familiar  iron-gray  mass  known  as  coke. 
Non-caking  coal  is  apparently  in  no  wise  different  from  cak- 
ing coal,  but  will  burn  freely  without  any  indication  of  soften- 
ing or  fusing  together.  Thus  far  there  has  been  no  plausible 
explanation  advanced  why  one  coal  should  cake  and  another 
apparently  exactly  like  it  should  not,  but  the  fact  remains. 
The  only  way  to  recognize  a  caking  coal  is  to  cake  it. 

Cannel  coal  is  frequently  considered  a  variety  of  bitu- 
minous coal  and  is  often  caking,  but  it  differs  considerably 
from  the  ordinary  bituminous  coals  in  texture  and  to  some 
extent  in  composition,  as  shown  by  its  products  on  distilla- 
tion, and  is  therefore  given  a  separate  place  in  this  classifi- 
cation. It  is  compact,  with  little  or  no  luster,  and  has  a 
slaty  appearance,  but  without  any  suggestion  of  a  banded 
structure.     It  breaks  with  a  conchoidal  fracture  and  smooth 
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surfaces.  Its  color  is  dull  black  or  grayish-black.  On  ilis- 
't:illation  it  affords,  after  drying,  from  40  to  GO  per  cent,  of 
"volatile  matter,  which  includes  a  large  proportion  of  burn- 
ing and  lubricating  oils,  much  larger  than  the  above  kinds 
«f  bituminous  coal. 

Albertite^  or  asphaltic  coal^  is  a  mineral  intermediate 
between  cannel  coal  and  asphalt.  It  resembles  coal  in  hard- 
iness, but  is  like  asphalt  in  color  and  luster,  is  slightly  soluble 
in  ether,  and  about  one-third  of  it  is  soluble  in  turpentine, 
^nd  it  softens  slightly  in  boiling  water. 

Brown  coal^  or  lignite^  is  sometimes  pitch-black,  but 
oftener  rather  dull  and  brownish-black.  The  .structure  is 
usually  lilce  that  of  bituminous  coal,  but  it  is  occasionally 
somewhat  lamellar.  The  term  lignite  should  properly  be 
restricted  to  those  varieties  of  brown  coal  that  retain  the 
structure  of  the  original  wood.  These  coals  usually  cc^ntain 
15  per  cent,  or  20  per  cent,  of  moisture,  and  give,  on  distil- 
lation, acetic  acid.  Brown  coals  are  non-caking,  but  afford 
a  large  proportion  of  volatile  matter.  Jet  is  a  black  variety 
of  brown  coal,  compact  in  texture,  and  takes  a  good  poli.sh. 
The  varieties  of  coal  known  as  semibitnminous  and  semi* 
anthracite  coals  merge  into  one  or  the  other  of  the  above, 
and  cannot  be  said  to  be  distinct  varieties. 
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39.  Asphaltam,  or  mineral  plt<*h,  is  a  mixture  of 
hydrocarbons,  some  of  which  contain  oxyg';n.  It  is  amor- 
phous and  is  found  in  various  consist<rn<:y  l^etween  liquid  and 
solid.  The  principal  source  is  th':  pitch  lake  on  the  island  of 
Trinidad;  it  is  also  found  in  certain  sandstones  and  limestones 
in  some  parts  of  the  Unifrd  States  and  in  lirn'rstones  in 
Europe.  Color,  brownish-bla'.k  to  bla'-.k :  streak,  dark  hr^^wn 
to  black;  opaque:  luster,  rTsir^'^ :-  to  d  :]] ;  tenacity.  \tt\\\\*i  to 
flexible;  fracture,  conch'^,:r:a! :   I!  —  -  */,  ].r,:  O  =  1  to  ].H, 

Asphaltum  is  used  for  ^r",",*.  ;.av';rri«::.ts.  {'jT  t'/A\j/^.  i'jT 
coating  timber  to  prt-frr-.v:  \:,tr:.  ivjxu  'iK'/ixy.  r/jtn^ 
qualitiesare  used  in  varrjfhheb. 
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Tests  far  Identification,— ^^\ts  at  from  90**  to  lOC*  F.  and 
burns  with  a  bright  flame.  It  is  completely  or  nearly 
soluble  in  camphene. 

Varieties. — Ozokerite^  a  waxy  substance,  is  essentially 
paraffin ;  its  color  is  white  when  pure,  but  is  usually  yellow, 
greenish  to  brown;  distilled  ozokerite  yields  ceresine,  which 
is  used  for  candles,  etc.,  burning  oils,  paraffin,  etc.  Gilson- 
ite,  a  black,  tough  substance  resembling  gutta  percha; 
//  =  >  to  2.5;  6"  =  1.06  to  1.07.  Elaterite,  or  u*urtzite, 
also  resembles  gutta  percha;  it  is  hard  when  cold,  but  when 
heated  it  becomes  elastic  like  compact  rubber. 

40«  Petroleum,  or  mineral  oil,  is  closely  related  to 
asphaltum.  It  consists  of  the  liquid  hydrocarbons  of  the 
same  series.  From  it,  by  distillation,  are  obtained  kerosene, 
napiiiha,  gas<.>line,  benzine,  paraffin,  etc.  It  is  found  in  cer- 
tain sandstones  and  shales  in  various  (tarts  of  the  world. 

41,  Natural  lois  consists  of  the  gaseous  hydrocarbons 
of  the  same  series  as  petroleum,  the  chief  constituent  being 
marsh  gas,  or  methane,  CH ^. 

4*i.  Amber,  or  $uiH*inite,  is  a  fossil  resin,  which  con- 
tains oxyvjen.  It  is  aniv»rphoiis.  and  often  contains  insects 
imbedded  in  it.  Cclcr,  whitish-yellow  to  brownish:  streaky 
white:  tran>parent  to  translucent : /;<j/<*^r,  resinous;  tenacity^ 
brie  lie;  r:V./:iij;V,   none:  //  =  "2  to  :J.5:  (/  =  1. 

Aml^er  is  used  tor  jewelry  and  ornamental  purposes  and 
for  mouthpieces  to  t*.>bacco  pi|^H^s. 

Tests  /.  *-  Identin.aticn, — B.  B.  fuses  readily  and  burns 
with  a  yellow  tiame.  It  is  partially  soluble  in  alcohol  and 
ether. 


CHROMIUM  MIXKRALS 
43.    Chromlte,  or  ohromlo  Inui,  has  the  composition, 

FeCr^O^,  Ferrous  oxide.  /•Vc\  3'i  p>er  cent. :  chromic  oxide, 
r^,(.\,  •;»>  per  cent.  It  crystallizes  in  the  isometric  system, 
rarely  :n  octahedral  crystals,  and  usually  occurs  massive 
associated  w;:h  serj.<ntine.  which  causes  green  and  yellow 
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spots  and  streaks.  Color ^  black;  streaky  dark  brown; 
opa.que;  luster ^  submetallic  to  metallic;  tenacity,  brittle; 
ciir€t'zjage^  absent;  sometimes  slightly  magnetic;  //=  6.5; 
G  =  4.3  to  4.6. 

Cliromite  is  used  in  the  manufacture  of  chrome  steel  and 
IS   tlie  principal  source  of  chromium  compounds. 

in^sts  for  Identification. — B.  B.  infusible,  but  becomes  mag- 
netic. With  S.Ph.,  it  reacts  for  chromium.  Fused  with  soda 
and  niter  on  platinum  foil,  the  mass  becomes  yellow  when  cold. 

-A4,  Crocolte,  or  crocolslte,  is  lead  chromate,  PbCrO^. 
L»ea.<l  oxide,  PbO,  68.9  per  cent.;  chromium  trioxide,  6V0„ 
31.x  percent.  It  crystallizes  in  the  monoclinic  system  in 
oblique  rhombic  prisms,  and  occurs  also  in  granular  and 
colu.mnar  forms.  Color,  bright  red  like  potassium  bichro- 
mate; streak,  orange-yellow;  translucent;  luster,  adaman- 
tine; tenacity^  sectile;  cleavage,  prismatic;  H  =  'Z.b  to  3; 
G  =  5.9  to  6.1. 

T^ests  for  Identification, — B.  B.  blackens  and  fuses  and  is 
reduced  to  metallic  lead.  It  coats  the  coal  yellow,  and  reacts 
for  chromium  in  borax  and  S.  Ph.  beads.  In  the  closed  tube, 
*^  decrepitates  and  becomes  dark,  but  returns  to  natural  color 
^^  cooling.  Fused  on  platinum  foil  with  pota.ssium  bisul- 
P^ate,  it  gives  a  dark  violet  mass  that  is  red  on  solidifying 
and  greenish-white  when  cold,  which  distinguishes  it  from  van- 
^^inite.     It  is  soluble  in  nitric  acid,  giving  a  yellow  solution. 


COBALT    3IIXERAIi8 

45.  lilnnfiBite,  or  cobalt  p^iitc's,  is  cobalt  sulphide  con- 
taining nickel,  {Co.Xi)^S^.  Cobalt  and  nickel,  58  [ler  cent.; 
^^Iphur,  42  per  cent.  It  crystallizes  in  the  isometric  sys- 
tem usually  in  octahedrons  or  in  combinations  of  the  cul>e 
^nd  octahedron,  and  occurs  usually  massive,  frequently 
mixed  with  chalcopyrite.  Color^  pale  steel-gray  with  n;d- 
dish  tarnish;  streak,  dark  grayish-blark;  opaque:  luster, 
metallic;  tenacity,  brittle;  cleaia;^t\  cubic  imjierfect;  // 
=  5.5;  G  =  4.8  to  5. 

Liniueitc  is  a  source  of  both  cobalt  and  nickel. 
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Tests  for  Identification. — B.  B.  on  charcoal  fuses  to  a  mag — 
netic  globule,  giving  fumes  of  burning  sulphur  and  often  of^ 
arsenic.  In  a  borax  bead,  after  roasting,  it  gives  blue^ 
color.  By  treating  the  bead  on  charcoal,  metallic  nickel  may  ^ 
be  obtained. 

46,  Smaltlte  is  cobalt  nickel  arsenide,  (Co,N%)As^.  The  ^ 
proportion  of  cobalt  and  nickel  varies  widely,  and  usually  " 
some  iron  is  present.  It  crystallizes  in  the  isometric  system 
often  in  cubes  with  curved  faces,  but  also  occurs  massive 
or  granular.  Color ^  tin-white  or  steel-gray;  streaky  dark 
grayish-black;  opaque;  luster^  metallic;  tenacity^  brittle; 
cleavage^  octahedral  in  traces;  7/  =  5.5  to  6;  G^  =  6  to  6.6. 

Smaltite  is  the  chief  ore  of  cobalt. 

Tests  for  Identification, — B.  B.  on  charcoal  fuses,  yields 
white  fumes,  arsenic  coat,  and  garlic  odor;  the  residue  is 
magnetic.  When  roasted  in  contact  with  frequently  replaced 
borax,  it  yields  successively  slags  colored  by  iron,  cobalt, 
nickel,  and  sometimes  copper.  An  arsenic  mirror  is  formed 
in  the  closed  tube.  It  is  soluble  in  nitric  acid,  giving  a  red 
to  green  solution,  according  to  the  proportion  of  cobalt  or 
nickel  present. 

47.  Cobaltlte,  or  cobalt  glance,  is  a  double  sulphide 
and  arsenide  of  cobalt,  CoAsS.  Cobalt,  35.5  per  cent.; 
arsenic,  45.2  percent.;  sulphur,  19.3  percent.  It  crystal- 
lizes in  the  isometric  system  in  cubes,  pyritohedrons,  etc., 
and  their  combinations;  it  also  occurs  massive.  Color ^  sil- 
ver-white to  steel-gray ;  .y/rrrt^,  dark  grayish-black;  opaque; 
luster^  metallic;  tenacity^  brittle;  cleavage^  cubic  perfect; 
//=  5.5;  6^  =  6  to  6.3. 

Co'oaltite  is  used  in  porcelain  painting,  and  in  the  manu- 
facture of  smalt. 

Tests  for  Identification. — B.  B.  on  charcoal  fuses  easily  to 
a  magnetic  globule,  yielding  white  fumes,  an  arsenic  coat, 
and  an  odor  of  garlic  and  of  burning  sulphur;  with  borax  it 
forms  a  blue  bead  after  roasting.  It  is  soluble  in  warm 
nitric  acid,  giving  a  rose-red  solution  with  residue  of  sulphur 
and  arsenious  oxide. 
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COPPER    MINERALS 

48.  Native  copper  is  comparatively  pure  copper,  but 
often  contains  metallic  silver,  and  sometimes  mercury  or 
bismuth.  It  crystallizes  in  the  isometric  system,  the  cube 
and  tetrahexahedron  being  the  most  frequent  forms;  the 
crystals  are  seldom  distinct.  Usually  it  occurs  in  sheets  or 
disseminated  masses,  varying  in  size  from  small  grains  to 
several  hundred  tons  in  weight,  also  in  threads  and  wire 
consisting  of  a  string  of  crystals.  Color ^  copper-red  tarnish- 
ing nearly  black ;  streaky  copper-red ;  opaque ;  luster^  metallic ; 
tenacity^  malleable  and  ductile;  cleavage^  none;  7/=  2.5 
to  3;  6^  =  8.8  to  8.9. 

Native  copper  is  an  important  source  of  copper,  especially 
that  of  the  Lake  Superior  Region. 

Tests  for  Identification.— Yxxsqs  easily  to  malleable  glob- 
ule, and  reacts  for  copper  in  borax  and  S.  Ph.  It  is  soluble 
in  nitric  acid  with  evolution  of  brown  fumes,  giving  a  green 
solution  that  becomes  deep  blue  on  addition  of  ammonia  in 
excess. 

49.  Clialeoclte,  or  copper  g^lance,  is  cuprous  sulphide, 
Cu^S.  Copper,  79.8  per  cent.;  sulphur,  20.2  per  cent.  It 
crystallizes  in  the  orthorhombic  system,  in  tabular  forms, 
frequently  twinned  so  as  to  resemble  hexagonal  forms  like 
aragonite;  it  often  occurs  in  black  granular  or  compact 
masses  frequently  coated  with  the  green  carbonate.  Color, 
blackish  lead-gray  with  dull-black  tarnish;  streak,  blackish 
lead-gray;  opaque;  luster,  metallic;  tenacity,  brittle;  cleav- 
age^ prismatic;  Z/'  =  2.5  to  3;  6^  =  5.5  to  5.8. 

Chalcocite  is  an  ore  of  copper. 

Tests  for  Identification. — B.  B.  fuses  easily  to  a  globule 
yielding  fumes  of  burning  sulphur  and  coloring  the  flame 
green,  or  azure-blue  if  moistened  with  hydrochloric  acid. 
It  reacts  for  copper  in  borax  and  S.  Ph.  beads,  and  is  soluble 
in  nitric  acid,  leaving  residue  of  sulphur. 

50.  Chaleopyiite,  or  copper  iiyrltes,  is  a  copper  and 
iron    sulphide,    CuFeS^.       Copper,    34.5    per    cent.;    iron, 
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30.5  per  cent. ;  sulphur,  35  per  cent.  It  crystallizes  in  the 
tetragonal  system,  in  octahedrons,  or  tetrahedral  sphenoids, 
and  usually  occurs  massive,  though  sometimes  in  imitative 
shapes.  Color,  bright  brass-yellow,  often  tarnished  deep 
yellow  or  iridescent ;  streak,  greenish-black ;  opaque ;  luster, 
metallic;  tenacity,  brittle;  cleavage,  indistinct. 

Chalcopyrite  is  an  important  ore  of  copper. 

Tests  for  Identification. — B.  B.  on  charcoal  fuses  at  (3)  to 
a  brittle  magnetic  globule,  and  gives  a  strong  odor  of  burn- 
ing sulphur;  with  soda,  it  yields  metallic  copper.  In  O.  F., 
with  borax  or  S.  Ph.  it  gives  a  green  bead  when  hot,  and  a 
greenish -blue  bead  when  cold;  in  R.  F.,  it  is  opaque  and 
red.  It  is  soluble  in  nitric  acid  with  separation  of  sulphur; 
on  adding  ammonia  to  the  solution,  ferric  hydroxide  is  pre- 
cipitated and  the  solution  is  turned  deep  blue. 

61.  Bornlte,  or  erubesclte,  purple  or  variegated  copper 
ore,  is  also  a  copper-iron  sulphide,  Cu^FeS^,  containing 
55.5  per  cent,  copper,  16.4  per  cent,  iron,  28.1  per  cent,  sul- 
phur. The  composition  is  somewhat  variable  and  often 
there  is  an  admixture  of  chalcocite.  It  crystallizes  in  the 
isometric  system  in  small  cubes  or  other  forms  and  occurs 
usually  massive.  Color,  brownish  copper-red,  violet-blue, 
often  varied;  streak,  dark  grayish-black;  opaque;  luster, 
metallic;  tenacity,  brittle;  cleavage,  octahedral  in  places; 
/f=  3;  G  =  4.5  to  5.5. 

Bornite  is  an  important  ore  of  copper. 

Tests  for  Identification, — B.  B.  on  charcoal  blackens,  but 
becomes  red  on  cooling.  It  fuses  easily  to  brittle  magnetic 
globule,  giving  odor  of  burning  sulphur.  The  other  tests 
are  the  same  as  for  chalcopyrite. 

65J.  Tetraliediite,  or  gray  copper  ore,  is  a  double  sul- 
phide of  copper  and  antimony,  Cu^Sb^S^,  in  which  the  copper 
is  often  partially  replaced  by  iron,  zinc,  silver,  lead,  and 
mercury,  and  the  antimony  by  arsenic.  It  crystallizes  in 
the  isometric  system  in  tetrahedral  forms.  Fig.  17,  the  crys- 
tals being  sometimes  incrusted  with  yellow  chalcopyrite.  It 
usually  occurs  massive.     Color,  light  steel  to  dark  lead-gray 
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or       iron-black;    streaky    black    or    reddish-brown;    opaquo; 
ins^£r^  metallic;  cleavage^  uneven. 


PIO.  17 


'T'etrahedrite   is  sometimes  worked   for  both   silver  and 
cc^:t^per. 

Tests  for  Identification, — B.  B.  fuses  at  (\,h)  to  a  j^lobiilc 
^*^^tis  sometimes  slightly  magnetic.  It  gives  fumes  and  a 
^^^^t  of  antimony  and  an  odor  of  burning  sulphur.  The 
^^^^sted  residue  reacts  for  copper. 

J^.  Cuprite,  red,  or  niby  copi>er  ore  is  cuprous  oxide, 
^«*,(7.  Copper,  88.8  per  cent.;  oxygen,  11.2  per  a-ux..  It 
^^ystallires  in  the  isometric  system,  usually  in  trari-.par'rnt 
^^Kitahedrons  or  cubes,  but  occurs  also  in  fine-grairi^rd  if.ass';* 
^Hd  capillary  form.  Color,  bright  red  to  brow.'iish  r':d; 
^ freaky  brow nish- red ;  transpar^rnt  to  opaque;  lu^t<r,  a'!a- 
*^antinc  to  dull:  tenacity,  brittl'::  clea'M^e,  ^y,tah':dra!; 
^  =  3.5  to  4:  G  =  h.^h  to  ^.  15. 

Cuprite  is  an  imp^jrtar.t  ore  of  f/r^r,/-,":. 

Tests  for  leicntificaticn. — B    H    or.  ^r.a 
fuses  readily  to  a  v:.A\\-.hJ'>,  -"A  '-,  .w*:.. 
Srecn.     It  is  sol-j'le  :.•:  -st-'.-.g  r.y:'  a:.! 
^  brovn  soiutioT:.  ir-  »r-:':r..   .:.   -:     .*,  .'.  « 
precipitate  is  forrr.e^f.      It     i^  i       v.-rr  r*: 

54.    Teaorfte.  r.r  in#-lxt/'-^/rjIt^.    •  *.": 
per.    Cjrft     Co&ciiK'     r.r  -.:    .i^-    ,-:.'.: 
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crystallizes  in  the  orthorhombic  system,  but  occurs  usually 
in  black  earthy  masses  or  as  black  powder  or  shining  scales, 
also  as  botryoidal  concretions  along  with  other  copper  ores. 
Color ^  black;  streak,  black;  opaque;  luster,  metallic,  in 
scales,  dull  in  masses ;  tenacity,  brittle  to  earthy ;  cleavage, 
uneven;  7/  =  3  to  4;  G  :=  5.82  to  6.25. 

Tests  for  Identification. — B.  B.  infusible;  colors  flame 
green,  or  azure-blue  when  moistened  with  hydrochloric 
acid.  Soluble  in  nitric  acid,  forming  a  green  solution  that 
becomes  dark  blue  on  addition  of  ammonia  in  excess. 

65.     Malachite,     or    grreen     carbonate    of    copper, 

Cu^{OH)^CO^,  Cupric  oxide,  CuO,  71.9  per  cent.;  carbon 
dioxide,  CO^,  19.9  per  cent.;  water,  8.2  per  cent.  It  crys- 
tallizes in  the  monoclinic  system,  crystals  rare,  and  occurs 
usually  as  bright  green  masses  or  incrustations,  often  with 
a  delicately  fibrous  structure  or  banded  with  lighter  or 
darker  shades  of  green.  It  also  occurs  stalactitic  or  earthy. 
Color,  bright  emerald-green  to  grass-green  or  nearly  black; 
streak,  pale  green;  translucent  to  opaque;  luster,  adaman- 
tine, silky,  or  dull;  tinacity,  brittle;  cleavage,  basal,  perfect; 
H  =  3.5  to  4;  G  =  3.9  to  4.03. 

Malachite  is  an  ore  of  copper.  It  is  used  for  the  manu- 
facture of  ornamental  articles,  as  it  is  very  beautiful  when 
polished. 

Tests  for  Identification. — B.  B.  on  charcoal  decrepitates, 
blackens,  and  fuses  at  (2),  coloring  the  flame  green  and 
giving  globule  of  metallic  copper.  It  decrepitates,  blackens, 
and  yields  water  in  a  closed  tube.  Soluble  in  acids,  with 
eff^ervescence;  the  solution  becomes  deep  blue  on  addition  of 
ammonia  in  excess. 

56.  Azurlte,  or  blue  carbonate  of  copper,  is  also  a 
hydrated  carbonate  of  copper,  Cu^{OH)^{CO^)^.  Cupric 
oxide,  69.2  percent.;  carbon  dioxide,  CO^,  25.6  per  cent.; 
water,  5.2  per  cent.  It  crystallizes  in  the  monoclinic  sys- 
tem in  modified  rhombic  prisms.  It  also  occurs  globular, 
massive,  and  earthy,  and  often  as  an  incrustation  on  other 
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copper  ores.  Color ^  dark  blue  to  azure  blue ;  streaky  paler 
blue;  translucent  to  opaque;  luster^  vitreous  to  dull; 
tenacity^  brittle;  cleavage^  parallel  to  the  inclined  axis; 
H^  3.6  to  4;  (9  =  3.77  to  3.83. 

Azurite  is  an  ore  of  copper  and  is  sometimes  used  as  a 
blue  paint. 

Tests  for  Identification, — Its  reactions  are  the  same  as 
for  malachite;  it  is  readily  distinguished  by  its  physical 
characteristics. 

67«  Clirysocolla  is  a  hydrous  silicate  of  copper,  CuSiO^, 
iHjO.  Cupric  oxide,  CuO,  46.2  per  cent.;  silica,  SiO^, 
34.3  per  cent.;  water,  20.5  per  cent.;  it  is  often  quite 
impure.  It  does  not  crystallize  and  occurs  usually  as  green 
to  blue  incrustations,  also  botryoidal  and  massive.  Color ^ 
clear  bluish-green  to, blue;  streaky  white;  translucent  to 
opaque;  luster^  vitreous  to  dull;  tenacity^  brittle  to  sectile; 
cleavage,  absent;  Z/'  =  2  to  4;  G^  =  2  to  2.3. 

ChrysocoUa  is  used  as  an  ore  of  copper  and  as  an  imita- 
tion turquoise. 

Tests  for  Identification. — B.B.  infusible,  darkens,  and  colors 
flame  green.  When  fused  with  soda  it  gives  metallic  cop- 
per. It  yields  water  in  a  closed  tube.  It  gives  bead  reac- 
tions for  copper.  Decomposed  by  hydrochloric  acid,  it 
leaves  a  residue  of  silica.  It  is  distinguished  from  mala- 
lAite  by  the  absence  of  effervescence  in  acids. 

58.  Dioptase  is  also  a  hydrated  silicate  of  copper, 
CuSiO^^H^O.  Cupric  oxide,  CuO,  50.4  per  cent.;  silica, 
5/(9„  38.2  per  cent.;  water,  11.4  per  cent.  It  crystallizes 
in  the  hexagonal  system  in  six-sided  prisms  with  rhombo- 
hedral  terminations,  and  occurs  also  massive.  Color, 
emerald-green;  streak,  gv^^n-,  transparent  to  opaque;  luster, 
vitreous;  tenacity,  brittle;  cleavage,  rhombohedral,  perfect; 
//=  5;   G  =  3.28  to  3.35. 

Tests  for  Identification. —  B.  B.  infusible,  decrepitates, 
blackens,  and  colors  flame  green.  It  blackens  and  yields 
water  in  a  closed  tube.  It  gives  reactions  for  copper  and 
gelatinizes  with  acids. 
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GOLD  MIXEBAIiS 

59.    Native  Gold. — Gold  occurs   mostly  in  the  null' 
state  either  pure  or  alloyed  with  silver  or  other  metals, 
copper,    bismuth,    rhodium,  or   palladiuC 
It  crystallizes  in  the  isometric  system 
octahedrons.  Fig,    18,  and  dodecahedron 
the   crystals  are   rarely   perfect   and   dL 
tinct,  but  in  skeleton,  distorted,  and  wir- 
like  forms.     It  occurs  usually  in  nugget       ^ 
grains,  or  thread-like  form,  termed   wtr^^ 
^W</,  and  often  disseminated  through  otb<^^ 
minerals  in  such  condition  as  to  be  detecte      ^ 
C<}ior,   gold-yellow;    streaky   gold-yellow*'^ 
metallic;    i enact ty^    malleable;     cleavage 


'"^zX 


assay, 
luster, 


only    by 

opaque; 

none. 

Gold  is  used  principally  for  the  manufacture  of  jewelrf 
and  for  coinage. 

Tests  for  Identification.  — B.  B,  fuses  at  (0)  to  a  brighC 
yellow  malleable  button.  It  is  soluble  only  in  aqua  regia  ; 
if  this  solution  is  evaporated  to  a  sirup  and  diluted  witii 
water  and  heated  with  a  little  of  a  solution  of  stannous 
chloride,  it  becomes  purple.  Gold  may  be  distinguished 
from  other  substances  of  similar  appearance  by  its  dull 
yellow  color,  which  is  the  same  in  all  lights,  by  its  mallea- 
bility, and  by  its  insolubility  in  any  single  acid, 

60.  Calaveiit©  is  a  telluride  of  gold  containing  aboiS 
40  per  cent,  of  gold,  AuTc^,  the  gold  being  sometimes  pa^ 
tially  replaced  by  silver.  It  occurs  massive  and  fin< 
grained,  never  crystallized,  C&ii^r,  bronze  or  steel-gray 
silver-white,  yellow;  streak,  pale  yellow;  opaque;  /usf£ 
metallic;  tenacity,  brittle;  fraeture,  uneven  to  subcoc 
choidal;  N  =  2.5;  G  -  SK04. 

Calaverite  is  an  important  ore  of  gold   in   the   Crippf 
Creek,  Colorado,  district. 

Tests  fi^r   Itlentificatitm. — B,  B,  on  charcoal    burns   with 
bluish-green  flame,  yielding  globules  of  very  bright  yellow 
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and  nearly  pure  gold.  The  white  coat  on  the  coal  dis- 
appears in  R.  F.,  coloring  the  flame  green.  Tellurium 
sijil^limate  is  formed  in  the  open  tube.  If  powdered  and 
dropped  into  boiling  concentrated  sulphuric  acid,  the  acid 
is  colored  iptense  purple.  Soluble  in  nitric  acid,  the  addi- 
tion of  hydrochloric  acid  throws  down  silver  chloride  if 
silver  is  present. 

€!•  Sylvanlte,  or  graphic  tellurium,  is  a  telluride  of 
gold  and  silver  {Au,Ag')Te^.  Gold,  28.5  per  cent.;  silver, 
1^-7  per  cent.;  tellurium,  55.8  per  cent.;  but  its  composi- 
tion varies.  It  crystallizes  in  the  monoclinic  system  in  flat 
plates,  which  are  united  together  in  peculiar  shapes  resem- 
bling Hebrc\7  letters,  and  occurs  also  in  bladed  and  granular 
masses.  Color ^  silver-white  to  steel-gray;  streak,  silver- 
white  to  steel-gray ;  opaque;  luster,  metallic;  tenacity,  ^to,- 
tile;  H  =  1.5  to  2;  C  =  7.9  to  8.3. 

Tests  for  Identification, — Its  tests  are  the  same  as  for 
calaverite,  except  that  the  button  obtained  on  charcoal  is 
lighter  yellow  and  contains  more  silver. 


IRON   MIl^TERALiS 

62.  Native  Iron  contains  more  or  less  nickel,  cobalt, 
chromium,  or  manganese.  It  crystallizes  in  the  isometric 
system,  and  usually  occurs  compact  in  grains  disseminated 
through  some  dolerite,  basalt,  and  other  igneous  rocks.  It 
is  also  found  in  meteorites  alloyed  with  nickel.  Color,  iron- 
gray  to  black;  streak,  iron-gray  to  black;  opaque;  luster, 
metallic;  tenacity,  malleable;  cleavage,  octahedral.  It  is 
strongly  attracted  by  magnet. 

Native  iron  is  only  of  rare  occurrence. 
Tests  for  Identification. — B.  B.  infusible,  gives  all  reac- 
tions for  iron.     It  is  soluble  in  acids. 

63.     Hematite,  specular  Iron,  or  red-Iron  ore,  is  ferric 
oxide,  Te^O^,     Iron,  70  per  cent. ;  oxygen,  30  per  cent.     It 
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often  contains  silica,  phosphorus,  sulphur,  alumina,  ti 
nium,  lime,  and  magnesia  as  impurities.  It  crystallizes  i 
the  hexagonal  system  in  scalenohedral  or  rhombohedr; 
forms.  Fig.  19,  and  occasionally  thin  and  tabular,  but  occu: 
usually  in  masses  in  various  forms,  as  columnar,  radiate 
kidney-shaped,  and  earthy.     Color ^  iron-black,  blackish-rei 


PlO.  19 

to  cherry-red ;  if  the  ore  is  crystallized  it  does  not  have  cig'"^ 
red    color;   streaky    always    red;    opaque;    luster^    metallic—^  ^ 
to  dull;  tenacity^  brittle,  except  when  micaceous;  cleavage ^^    '$ 
usually  indistinct;    7/  =  5.5  to  6.5;  6^  =  4.9  to  6.3.     It  i^^^ 
sometimes  slightly  magnetic. 

Hematite  is  the  most   important  iron  ore  mined.     Thc^ 
earthy  varieties  are  used  for  making  cheap  paint  and  for' 
polishing. 

Tes/s  for  Identification. — B.  B.  infusible,  becomes .  black 
and  magnetic  on  charcoal.  It  yields  no  water  in  closed  tube. 
It  gives  all  reactions  for  iron.  It  is  soluble  in  hot  hydro- 
chloric acid. 

Varieties. — The  following  are  the  principal  varieties  of 
hematite:  Specular  iron,  black,  blue-black,  crystalline,  or 
micaceous,  with  a  perfectly  metallic  luster;  when  samples 
are  shaken,  small,  shining  scales  drop  off.  Red  hematite, 
massive,  blackish-red  to  brownish-red  color;  luster,  sub- 
metallic  to  dull.  Red  ocher,  soft  and  earthy  hematite, 
usually  with  clay;  often  pulverulent.  Red  chalk,  more  firm 
and  compact  than  red  ocher,  and  of  a  fine  texture.  Clay 
ironstone,  hard,  compact,  red  material,  mixed  with  much 
clay  or  sand ;  the  name  clay  ironstone  is  also  applied  to 
related  varieties  of  siderite  and  limonite. 

64,  Llinonlte,  1k>^  ore,  or  brovii  hematite,  is  hydrous 
ferric  oxide,  'ZFc^0^,'6H^0.     Iron,  59.8  per  cent.;  or  ferric 


§  36  MINERALOGY  3S 

oxide,  Fe^O^y  86.6  per  cent.;  water,  14.4  per  cent.  It  is 
often  quite  impure  from  sand,  clay,  manganese,  phospho- 
rus, etc. ;  it  never  occurs  crystallized,  but  grades  from  the 
loose,  porous  bog  ore  and  ocher  to  hard,  compact  variety, 
having  a  black  varnish-like  luster,  and  fibrous  radiated 
structure.  It  is  frequently  stalactitic.  Color,  yellow, 
brown  to  nearly  black,  mostly  reddish-brown;  streak\ 
yellowish-brown  or  yellow;  opaque;  luster,  submetallic  to 
silky  and  dull ;  tenacity,  brittle  to  earthy ;  fracture,  uneven 
or  splintery;  //"=  5  to  6.5;  G^  =  3.6  to  4. 

Limonite  is  the  most  abundant  ore  of  iron,  but  as  it  con- 
tains a  relatively  low  percentage  of  iron  and  a  higher  per- 
centage of  impurities  than  hematite  and  magnetite,  it  is  of 
less  importance,  'the  earthy  varieties  are  used  in  cheap 
paints,  and  after  burning  are  darker  in  color. 

Tests  for  Identification. — B.  B.  infusible  except  in  thin 
splinters.  It  becomes  black  and  magnetic  on  charcoal  in 
R.  F.,  and  yields  water  in  closed  tube.  It  gives  all  reactions 
for  iron.  It  is  soluble  in  hydrochloric  acid,  and  may  leave 
a  gelatinous  residue. 

Varieties. — The  following  are  the  principal  varicticH  of 
limonite:  Brown  hematite,  the  botryoidal,  stalactitic,  and 
associated  compact  ore ;  bog  iron  ore,  a  Kxjse,  earthy  ore,  of  a 
brownish-black  color,  from  marshy  ground,  often  mixed 
with,  and  replacing  leaves,  twigs,  etc. ;  yellow  ocher,  umber ^ 
etc.^  earthy  variety  mixed  with  clay;  brown  and  yellaiv  clay 
ironstone^  impure,  hard,  and  compact  ore,  of  a  yellow  or 
brown  color,  often  in  nodular  masses. 

6ff«  Maflrnetlte,  or  msLf^etXc.  Irr>n  orf%  is  an  oxid#r  of 
iron,  Fefi^.  Iron,  72.4  per  c^nt. ;  oxyg'^n.  27.0  i^^r  M:rit  ;  it 
often  contains  titanium  and  sulphur.  It  crystalliz^n  '\%i  the 
isometric  system,  usually  in  '-y.tahtdrons  or  f\*At'//A\i^Axux%\, 
and  also  occurs  massive,  grarrjlar.  arid  a-^  I'X/v:  nand,  *tr 
in  masses  made  of  imperfect  ',rv-.»a;»i,  Colf/r,  JronMa/k; 
streaky  black;  opaque:  luUer.  xxi^.\'^'.\'/.  \'>  h:j'/rfi':raiij^; 
tenacity^  brittle;  clfrava;^':.  ^y.\'^:.*^/\r'A.\  H  -  h  h  •/,  K,T$: 
(7  =  4.9  to  5.2.     It  15  stror.;^:  V  rr.agr./rti'-;. 


CCu    fvsMftlrlhiftA   ui   ar.    '.z:ii«t    .r  :r*.G.  similar  to  ma^' 
•••r  "-/:     .-,    V  "..r-    :Ar*,    x  tie    r.ti   a  r^ZAaacxxi  by  xinc  att^^ 

v.-iT   'v;-!*:!*.-^   ^"i  r.A       C ;-:-»'.    :r-.c->t^"-X:    zz^emk.  brown  c^  * 
':^:t'.^:y       -.i-C.^r.-..-      // =  •'.   V-   •'.  5 :     'i  =  5    to   ^.t.      It    ^£ 

i»  •i''." "  ;  ••' ^  af/,.*-. . .-.  ir.  t .  ~  f^^. 

?-*/. /;.-:  r*    *   i»',rjc.*ri    r-.r  zrrx  -.xj^*,  and   tixe    resida 
5.*-^.. -A/t  f.'.r    it,'.<*;2f*>'.«r-.  ar.  all-- 7  \i  :roa  and  niangancsc= 
v-v/t    -   '-^.  r.^-.  .:V.t;r*  ':,:  AttJ^L.      It  i*  ^t-^cietimes  grroun^v 

7*t't  f'^r  N^niif.:j'z:n  —h   B   ;r.:  i^v/i^e.     With  soda,  o 
vxJji  i-,!-:  v.r<T  '.r.  ^harc/^al.  ::  ;(:t*s  i  --...at  oc  zinc  oxide.    T 
^;t*^  k  -„ -.,^r.-;fr*i^r.  rr/or  wh^r.  :.i5^  wiih  ^jda  and  nitcr^ 
'/t,  ;,.iV.  :v,  fv.;.  ir.'i  a  .T*ar.;^ar.^^<:  b**ad  when  fo-sed  with^ 
*/,r<i      r.    ,<   \.'*v'.y  'i:^^',\','td  hy   hvdrr)chIoric  acid   witi — ^ 
*r  y '/I  *.  * , .'-» .'.  'y f '  r. .  o r  i  r, ^ 

07 •     •»I^J*rrlM-,    '.r    «4pathlc    ore,    is    ferrous  carbonate 

I'fCO^      y^.rr^,i^  '»x'A'..  *','i.\  f^-^r  cent. :  carbon  dioxide.  CO^ 

';T/^  f^:r  f:f,nt. :  it  usually  contains  som^ 
f/*».\r\MTti,  magnesium,  or  manganese.  Ii^ 
crystal liz'rs  in  the  hexagonal  system,  usually" 
in  rhomfK^he'^irons.  with  curved  faces.^ 
V\'^  20.  and  ^y:curs  usually  massive,  withx 
vu.  '91  \<,\\'aU\<\  or  granular  structure.     Color,  gray^ 

yellow,  hrown,  or  black;  streak,  white  or  pale  yellow  to 
hr'/wri;  trarrilti' '-nt  to  opaque;  luster,  vitreous  to  pearly  z 
rlravafn\  rhombohcdral,  irtzritci;  // =  3.5  to  4;  <?  =  3.S 
to  rj.HH. 

Si'loritf,  in  xn^fA  as  an  ore  of  iron,  and  when  high  in  man* 
gancftc,  for  the  manufacture  of  spiegeleisen. 
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Tests  for  Identification. — B.  B.  decrepitates,  blackens,  and 
l)ecomes  magnetic.  It  fuses  with  difficulty,  but  reacts  for 
iron,  and  sometimes  for  manganese.  It  is  soluble  in  warm 
liydrochloric  acid  with  effervescence. 

68*  Pyrlte,  iron  pyrites,  or  foors  frolcl,  as  it  is  some- 
times called,  is  iron  disulphidej  FeS^.  Iron,  40.7  per  cent. ; 
sulphur,  53.3  per  cent.;  it  often  contains  small  amounts  of 
^old,  arsenic,  copper,  nickel,  and  cobalt.  It  crystallizes  in 
the  isometric  system  usually  in  cubes,  Fig.  %\  {a)  and  (^),  and 


m 


W 
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pyritohedrons,  Fig.  21  {c)^  or  their  combinations;  the  cubes 
have  St  nations  on  the  faces.  Fig.  %l  {If),  those  on  one  face 
being  at  right  angles  to  those  on  the  adjacent  face.  It 
occurs  also  in  crystalline  masses  of  various  shapes;  some- 
times in  non-crystalline  masses.  Color,  pale  brass-yellow  j 
jtreak^  brownish-black  to  greenish-black;  opaque;  iuster^ 
metallic;  ^rw^aV/,  brittle;  cleavag-f.cnh'yQ,  imperfect;  // —  6 
10  G.5;  G  =  4.9  to  5.2. 

Pyrite  is  used  for  the  manufacture  of  sulphuric  acid.  It 
is  also  often  worked  for  gold  and  copper  when  containing 
these  elements. 

Tests  far  Idtntification, — B.  B.  takes  fire  and  burns  with 
a  blue  flame,  giving  a  strong  odor  of  burning  sulphur.  It 
leaves  a  magnetic  residue  on  charcoal.  A  sublimate  of  sul- 
phur is  formed  in  a  closed  tube.  It  is  insoluble  in  hydro- 
chloric acid^  but  soluble  in  nitric  acid  with  a  separation  of 
sulphur  Pyrite  is  distinguished  from  chalcopyrite  by  its 
color  and  streak,  and  by  not  showing  the  presence  of  much 
copper. 
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69.  Mar€»8ite,  or  white  iron  pyrites,  has  the  same 
chemical  composition  as  pyrite.     About  the  only  difference 

^^__..^^        is  in  the  color  and  crystal- 
K^^^J^>^'      liwc  form,  and  the  fact  that 
(a)  it    is    more   easily    decom- 

posed  by  the  atmosphere. 
It  crystallizes  in  the  ortho- 

rhombic  system  usually  in 

^^^  (h)  tabular  crystals,  Fig.  22  (a) 

^"®  *  and  (b) ;  and  twinned  crys- 

tals, as  in  spear  pyrites^  Fig.  22  (r),  coxcomb  pyrites,  etc. ;  it 
also  occurs  in  crystalline  masses,  and  globular  and  massive. 
Color,  grayish-yellow,  becoming  darker  on  exposure;  streak, 
dark  brownish-black;  opaque;  luster,  metallic;  tenacity, 
brittle;  cleavage,  prismatic,  imperfect;  /^  =  6  to  6.5;  G 
=  4.6  to  4.9. 
The  uses  of  marcasite  are  the  same  as  for  pyrite. 
Tests  for  Identification. — The  same  as  for  pyrite. 

70.  Pyrrhotite,  magruetic  pyrites,  or  miindie,  is  also 
a  sulphide  of  iron  approximately,  Fc^S^,  It  frequently  con- 
tains small  percentages  of  cobalt  and  nickel.  It  crystallizes 
in  the  hexagonal  system,  but  usually  occurs  massive.  Color, 
bronze-yellow  to  bronze-red,  but  subject  to  tarnish;  streak, 
dark  grayish-black;  opaque;  luster,  metallic;  tenacity, 
brittle;  cleavage,  uneven;  //  =  3.5  to  4.5;  C  =  4.5  to  4.6. 
It  is  attracted  by  the  magnet. 

Pyrrhotite  is  one  of  the  chief  ores  of  nickel.  It  is  used 
to  some  extent  as  a  source  of  sulphur. 

Tests  for  Identification. — B.  B.  fuses  easily  to  a  black 
magnetic  mass,  giving  fumes  of  suli)hur,  but  does  not  take 
fire.  It  yields  sulphur  in  small  amount  in  closed  tube,  and 
is  soluble  in  hydrochloric  acid,  with  evolution  of  hydrogen 
sulphide  leaving  residue  of  sulphur.  It  may  react  for  nickel 
and  cobalt. 

71.  other  Iron  Minerals. — Arsenopyrite  (see  Art.  16); 
rhromite  (see  Art.  43);  columhite  (see  Art.  166);  wolfram- 
ite (sec  Art.  153). 
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liEAB    MINKRAL8 

•72.  Native  lead  sometimes  contains  antimony  ai\d 
silver.  It  is  a  rare  mineral,  and  crystallizes  rarrly  in  thr 
isometric  system,  in  octahedrons  or  dodecahedrons;  it 
oczrcurs  usually  in  thin  laminae  or  globules  imbedded  in  other 
'Tiinerals.  Color,  lead-gray;  streak,  lead-gray;  opatinr; 
^^^^ter,  metallic;  tenacity,  malleable;  // =  1.5;  (i  -^  11. .'17. 
Tests  for  Identification. — It  gives  all   the    reactions  for 

*73.    Galenlte,  or  gralena,  is  lead  sulphide,  PhS.     Lead, 
^6-6  per  cent.;  sulphur,  13.4  per  cent.;  it  usually  contains 
^il  ver  and  sometimes  antimony,  bismuth,  and  cadmium  Htil 
PWides.     It  crystallizes  in  the  isometric  system  visually  in 
^v^bes   or   combination   of   the   cube   and   octahedron,    but 
^^^tnetimes  in  trigonal  trisoctahedrons;  it  als/)  occurs  man 
^ive,  rarely  fine  grained  or  fibrous.     Color,  dark  Krad-j^ray; 
^^reak,  dark  lead-gray;  opaque;  luster,  metallic;   trnacity, 
V>rittle;  cleavage,  cubic,  perfect;  //  =  'l.Ty  to  !<5,75;  (i  .■-   l.i 
to  7.6. 

Galena  is  the  principal  ore  of  lead.  It  often  carries  con- 
siderable silver,  and  for  that  reas^^n  is  often  worked  ior 
this  metal. 
*^  Tests  far  Identification. — B,  B.  decrepitaten  and  f  uv:^ 
easily.  In  O.  F.  it  forms  a  white  coat  on  'oal.  and  '/\*i*'.^  a 
strong  odor  of  burning  sulph T;r;  in  k.  F.  it  for mn  a  y';)>/9r 
coat  and  malleable  metailir:  button  of  \*-7xf\  ft  in  v/i  ,r/>,  ;r» 
an  excess  of  hot  hydro-^-r.Iori^  aM'i,  frorr*  xr.ich  v/  ,*,or, 
white  lead  chloride  5^parat<t^'-  ''jT.  *^//,'.\ :.  'ji/,'<.  -//  •//!  ,',\'\  ':  r,  ^*  :',*,  y, 
nitric  acid,  with  seoara*.:  ^r.  .f  '/;!:>!-.;  r  < .',  ^:  .  ':;i  ^:  % . , :/,',  a  *  ^: 


PbO,  :3.^percer.-, :  ^-'.^r.  :'•'  .  r  :-  ^y,  ->-;  J  y  ''.-.-  r. 
crystallizes  in  th-*  ''.r^'r.-r':.  ..-. %  ',  ■  ''if:;:.  -  ■. ^-  %.?  '-.-.r.^ 
and  occurs  oscal.j  zz.a.\-*  -r  %-  :    .'--  ''-.:-  -     4;*'< 

aroand  a  core  oc  •ir.jt!-..*--.:  ;;-.-:•     r       ";     .  jr    .  ^  "       r  •  -f. 
scMDetiiDCS  graj.    v-y/.v-^v-.     "*'*.  ^    ;"•'*'     '-  -"     '-"    'C^'"' , 
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streaky  white ;  transparent  to  opaque ;  luster^  adamantine  C: 
vitreous;  tenacity^   very  brittle;    cleavage^   basal  and  pris 
matic;   fracture^    conchoidal;    //=2.75   to   3;    6^  =  6.1 
to  6.39. 

Anglesite  is  one  of  the  ores  of  lead. 

Tests  for  Identification, — B.  B.  decrepitates  and  fuses  a* 
(1.5)  to  a  glassy  globule  that  becomes  pearly  on  cooling.  Ir 
R.  F.,  it  gives  yellow  coat  on  coal.  With  soda,  on  charcoal 
it  is  reduced  to  metallic  lead  and  gives  sulphur  reaction  oi 
silver. 

75,  Cerussite,  or  -white-lead  ore,  is  lead  carbonate 
PbCO^,  Lead  oxide,  PbO^  83.5  per  cent.;  carbon  dioxide 
CO^,  16.5  percent.;  it  often  carries  silver.  It  crystallize: 
in  the  orthorhombic  system,  in  prisms,  pyramids,  etc.,  anc 
also  occurs  massive,  stalactitic,  granular,  silky,  and  earthy 
Color ^  colorless,  white  to  gray;  sometimes  colored  b] 
impurities;  streaky  white;  transparent  to  opaque;  luster 
adamantine  to  pearly,  silky,  or  vitreous;  tenacity^  ver; 
brittle;  cleavage^  prismatic  and  brachydome,  imperfect 
fracture,  conchoidal;  //  =  3  to  3.5;  G  —  6.46  to  6.51. 

Cerussite  is  smelted  for  both  lead  and  silver,  and  is  usee 
for  the  manufacture  of  white  lead. 

Tests  for  Identification. — B.  B.  on  charcoal  decrepitate: 
and  fuses,  coating  the  coal  yellow.  It  gives  metallic  lea( 
with  soda.  In  a  closed  tube,  it  first  turns  yellow,  then  dark 
but  becomes  yellow  again  on  cooling.     It  effervesces  in  acids 

76,  Minium  is  red  oxide  of  lead,  Pbfi^.  Lead,  90.6  pei 
cent. ;  oxygen,  9.4  per  cent.  It  occurs  earthy  or  in  a  loosel} 
compacted  mass  often  intermixed  with  yellow.  Color 
bright  red;  streak,  orange-yellow;  opaque;  luster ^  dull  oi 
greasy;  tenacity,  earthy;  //  =  2  to  3;  6^  =  4.6. 

Tests  for  Identification. — B.  B.  reduces  to  metallic  leac 
and  gives  characteristic  lead  coats. 

77,  Pyroinori)lilte  is  a  double  phosphate  and  chloride 
of  lead,  Wb^(PO,),.PbCl,.  Lead  oxide,  PbO,  82.2  pe; 
cent.;  phosphorus,  P^O^,  15.7    per   cent.;  chlorine,  2.6   pe: 
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cent. ;  it  often  contains  some  calcium,  arsenic,  or  iron.  It 
crystallizes  in  the  hexagonal  system  in  short  prisms  and 
branching  and  tapering  groups  of  prisms  in  parallel  posi- 
tion; often  in  crusts  of  crystals;  it  also  occurs  moss  like, 
massive,  and  botryoidal.  Color^  gray,  green,  brown,  also 
white-yellow,  orange;  streaky  white  or  yellowish;  trans- 
lucent to  opaque;  luster^  resinous;  tenacity,  brittle;  cleav- 
age in  traces;  H  =  3.6  to  4;  (9  =  5.9  to  7.1. 

'2^£Sts  for  Identification. — B.  B.  fuses  at  (1.6)  and  crystal- 
lizes on  cooling.  It  gives  metallic  lead  with  soda  on  char- 
coa.1,  a  test  for  phosphorus  with  magnesium  ribbon,  and  a 
blue  coloration  to  flame  in  S.  Ph.  bead  with  copper  oxide.  It 
is  soluble  in  nitric  acid,  from  which  solution  ammonium 
molybdate  throws  down  a  yellow  precipitate. 


MAGNESIUM   MINERAIiS 

TS.  Magrneslte  is  magnesium  carbonate,  MgCO^.  Mag- 
nesia., MgO,  47.6  per  cent.;  carbon  dioxide,  C(9„  52.4  per 
cent.  ;  sometimes  part  of  the  magnesium  is  replaced  by  iron 
or  manganese.  It  crystallizes  in  the  hexagonal  system, 
rarely  in  rhombohedral  crystals  like  dolomite,  and  often 
occuirs  massive,  either  granular  or  compact,  sometimes 
fibrous,  and  in  chalk-like  lumps  in  veins  in  serpentine. 
Colcfr,  white,  gray,  yellow,  brown ;  streak,  white ;  opaque  to 
translucent;  luster,  dull,  vitreous  to  silky;  tenacity,  brit- 
tle ;  cleavage,  rhombohedral,  perfect ;  fracture,  conchoidal ; 
H  =  3.5  to  4.5;  67  =  3  to  3.12. 

NIagnesite  is  used  as  a  refractory  lining  for  furnaces  and 

con  verters  in  basic  processes  for  the  manufacture  of  steel. 

Also  used    for  the  manufacture  of  carbon  dioxide,   Epsom 

salts  and  other  magnesium  compounds. 

'^ests  for  Identification. — B.   B.    infusible    but    becomes 

alk:*aline  on  heating;  it  does  not  color  the  flame.      Moistened 

witli  cobalt    nitrate    and    ignited,   it    becomes    pink.      It  is 

soluble  with  effervescence  in  warm  hydrochloric  acid,   but 

not.  in  cold. 
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79.  Brudte  is  magnesium  hydroxide,  Mg{OH)^.  Ma^^ 
nesia,  MgO^  69  per  cent. ;  water,  31  per  cent.  It  crysta- — 
lizes  in  the  hexagonal  system  in  tabular  crystals  aa — 
prisms  and  usually  occurs  in  foliated  masses;  it  is  als— ^ 
fibrous.  Color ^  white,  bluish,  or  greenish;  streaky  whiter 
translucent;  luster^  pearly  or  wax  like;  tenacity ^  flexible 
and  sectile;  cleavage^  basal,  perfect. 

Tests  for  Identification. — B.  B.  infusible  and  becomes 
alkaline.  Moistened  with  nitrate-of-cobalt  solution  ancz 
ignited,  it  becomes  pink.  It  yields  water  in  a  closed  tub^ 
and  is  soluble  in  hydrochloric  acid. 


MANGANESE    MINERAUS 

80,  Braunlte  is  oxide  of  manganese,  MnjO^.  Man — 
ganese,  69  per  cent. ;  oxygen,  31  per  cent.,  when  pure,  but. 
usually  it  contains  manganese  silicate,  AlnSiO^,  It  crystal- 
lizes in  the  tetragonal  system  in  minute  octahedrons  and 
usually  occurs  in  granular  masses.  Color^  brownish-black  to 
steel-gray;  streak,  brownish-black;  opaque;  luster^  sub- 
metallic;  tenacity,  brittle;  //'zr  6  to  6.5;    G^  =  4.75  to  4.82. 

Braunlte  is  used  as  an  ore  of  manganese. 

Tests  for  Identification. — B.  B.  infusible.  It  gives  an 
amethystine  bead  with  borax.  It  is  soluble  in  hydro- 
chloric acid  with  evolution  of  chlorine  gas,  and  generally 
leaves  gelatinous  silica. 

81.  llausmannlte  is  an  oxide  of  manganese,  AlnfD^. 
Manganese,  72  per  cent. ;  oxygen,  28  per  cent.  It  crystal- 
lizes in  the  tetragonal  system  in  both  simple  and  twinned 
octahedrons  that  are  more  acute  than  those  of  braunite;  it 
also  occurs  granular  in  strongly  coherent  masses.  Color, 
brownish-black;  streak,  chestnut-brown;  opaque;  luster, 
submetallic;  tenacity,  brittle;  cleavage,  basal,  nearly  per- 
fect; //=5too.5;  6^=  4.72  to  4.85. 

Tests  for  Identification. — B.  B.  The  same  as  for  braunite, 
but  differs  from  it  in  hardness,  streak,  and  absence  of  silica. 
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82*    Pyroluslte  is  manganese  dioxide,  MnO^,     Manga- 

nesc,  63.2  per  cent. ;  oxygen,  36.8  per  cent.     It  crystallizes  in 

tli^  orthorhumbic  system  in  small  rectangu- 

Ia.r    prisms.  Fig.  23,  more  or  less  modified, 

and  occurs  usually   columnar,   fibrous,  and 

radiated*  dendritic  or  massive,     C&ior^  black 

or   steel-gray;  j/r^^i,  black ;  opaque;  iusier^ 

metallic  or  dull;  ienadty,  brittle;  ckavage, 

prismatic;   //=  1  to  2,5;  6^  =  4,7  to  4.86.  ^'^^^ 

Fyrolusite   is   used  in   the   preparation  of  chlorine  and 

spicgcleisen.     Also  as  an  oxidizing  agent  and  for  coloring 

aricJ  decolorizing  glass,  etc. 

Zi'csts  far  Ideniijicatinn. — B.B.  infusible,  and  turns  brown. 
It  usually  yields  oxygen  and  a  little  water  in  closed  tube 
ar^cl  gives  all  tests  for  manganesep  It  is  soluble  in  hydro* 
cH  loric  acid  with  evolution  of  chlorine. 

S3.    Maiiifaulte    is    a    hydrous    oxide    of    manganese, 

^*-<^^/,£7,,/y,C  Manganese,  6*2.4  per  cent.;  oxygen,  *^7.3  per 
c^:^i-it. ;  water,  10.3  per  cent.  It  crystallizes  in  the  ortho- 
rti^nibic  system  in  rhombic  prisms  often  grouped  in  bundles, 
^»^d  occurs  rarely  massive,  granular,  or  stalactitic,  Coior\ 
^t^^z^n-black  to  steel-gray;  sirt-ak^  brownish*black;  opaque; 
^^^^ster,  submetallic;  ttnmiiy,  brittle;  ckaifage,  prismatic, 
I*^^rfcct-  H  =  4;  G  =  4.3  to  4,4, 

Tests  for  IdentiJiciithpi.^^B.  B.  the  same  as  for  pyrolasite, 
"^  Vat  it  yields  much  water  in  the  closed  tube, 

84<  Pi^Ilomelane,  or  black  hematite,  is  essentially 
*'*^  anganese  dioxide  with  some  barium  oxide  or  potassium 
*^^^ide,  MnO^*-\-  (///^,  A', 6?,  or  BaO),  It  occurs  massive  and 
^*^»ootb,  usually  botryoidal  or  in  layers  with  pyrolusite. 
^^mior^  iron-black  to  steel-gray;  stnak,  brownish-black; 
'^Ijaque;  luster^  submetallic  or  dull;  tt^uaciif,  brittle;  /rtu- 
^9^rc,  even  or  conchoidal;  //  =  5  to  6;  (7  =  3.7  to  4.7. 

Psilomelane  Is  used  for  the  same  purposes  as  pyrolusite, 
■^ lit  the  products  are  not  so  pure. 

Tests  for  fdrniification. — B.  B.  infusible,  but  may  become 
Magnetic  from  impurities.     It  gives  all  tests  for  manganese, 
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and  yields  oxygen  and  usually  water  in  closed  tube.  It  is 
soluble  in  hydrochloric  acid  with  evolution  of  chlorine;  on 
adding  a  drop  of  sulphuric  acid  to  the  solution  a  precipitate 
of  barium  sulphate  is  usually  formed.  It  is  distinguished 
from  pyrolusite  by  its  hardness  and  from  limonite  by  its 
streak. 

85.  Wad,  or  hog  manganese^  is  a  mixture  of  oxides  of 
manganese,  principally  manganese  dioxide  (30  to  70  per 
cent.)  mixed  with  more  or  less  ferric  oxide,  sometimes 
oxides  of  cobalt,  copper,  and  lead,  and  10  to  26  per  cent,  of 
water.  It  occurs  earthy  to  compact  and  often  soft  and 
loose.  Color ^  dark  brown  to  black;  streaky  brown  to  black; 
opaque;  luster^  dull;  tenacity,  earthy;  pften  soils  the  fin- 
gers; //^  =  i  to  6;  G^  =  3  to  4.26. 

Wad  is  used  as  a  paint  and  in  the  preparation  of  chlorine. 

Tests  for  Identification. — B.  B.  infusible.  It  yields  water 
in  a  closed  tube,  and  gives  all  tests  for  manganese.  It 
often  gives  strong  reactions  for  copper  or  cobalt,  and  is 
soluble  in  hydrochloric  acid  with  evolution  of  chlorine. 

86.  Rhodochrosite  is  manganese  carbonate,  ATnCO^. 
Manganous  oxide,  MnO,  61.7  per  cent.;  carbon  dioxide, 
CO^,  38.3  per  cent. ;  part  of  the  manganese  is  often  replaced 
by  calcium,  magnesium,  or  iron.  It  crystallizes  in  the 
hexagonal  system  usually  in  rhombohedrons,  but  occurs 
usually  massive,  granular,  or  compact,  sometimes  botryoidal 
or  incrusting.  Color,  rose-red  to  brownish-red  and  brown; 
streak,  white;  transparent  to  opaque;  luster,  vitreous  to 
pearly;  tenacity,  brittle;  cleavage,  rhombohedral,  perfect; 
//  =  3.5  to  4.5;  G  =  3.3  to  3.6. 

Tests  for  Identification. — B.  B.  infusible,  decrepitates,  and 
becomes  dark  and  sometimes  magnetic.  It  gives  all  tests 
for  manganese,  and  is  readily  soluble  in  warm  hydrochloric 
acid  with  effervescence,  but  slowly  soluble  in  cold  acid. 

87.  Alabaudite,  or  mang^an blende,  is  manganese 
sulphide,  JllnS.  Manganese,  63. 1  per  cent. ;  sulphur,  36.9  per 
cent.     It  crystallizes  in  the  isometric  system  in  cubes  and 
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regfular  octahedrons,  and  occurs  usually  massive,  also  mas- 
sive granular.  Co/oTy  iron-black  with  brown  tarnish;  streaky 
olive-green;  opaque;  luster,  metallic;  tenacity^  brittle;  cUav- 
ag-^,  cubic,  perfect;  Z/'  =  3.5  to  4;  (9  =  3.95  to  4.04. 

Tests  for  Identification, — B.  B.  fuses  at  (3),  gives  odor  of 
burning  sulphur,  and  turns  brown.  It  gives  bead  tests  for 
nianganese  after  roasting,  and  is  soluble  in  dilute  hydro- 
chloric acid  with  effervescence  of  hydrogen  sulphide. 


MERCURY    MrNTERAIiS 

88,  Native  mercury,  or  quicksilver,  occurs  as  a  tin- 
^^tiite  liquid  in  little  globules  scattered  through  the  gangue; 
it  usually  contains  a  little  silver.  When  cooled  below  39"*  F., 
i>ncrcury  solidifies  and  crystallizes  in  the  isometric  system. 
CV>/(j7r,  tin-white;  opaque  liquid;  luster,  metallic;  G  =  13.59. 

Mercury  is  used  for  extracting  gold  and  silver  from  ores, 
^x^d  for  many  other  purposes  in  the  arts  and  medicine. 

Tests  for  Identification. — B.  B.  entirely  volatile,  if  pure. 
I^t  yields  globules  of  mercury  in  closed  tube,  and  is  soluble 
i  x^  nitric  acid. 

89.  Katlve  amalgrain  is  an  amalgam  of  silver  and  mer- 
^viry,  AgHg.  Silver,  35.1  per  cent.;  mercury,  04.9  per 
^^nt. ;  also,  Ag^Hg^,  silver,  20.5  per  cent. ;  mercury,  73.5  per 
^^^nt.  It  crystallizes  in  the  isometric  system  in  cubes,  octa- 
^^«drons,  dodecahedrons,  etc.,  and  also  occurs  massive. 
^^olor,  silver-white;  streak,  silver- white;  opaque;  luster, 
*^etallic;  tenacity,  brittle,  and  gives  grating  noise  when  cut 
'^'^ith  a  knife;  cleavage,  dodecahedral  in  traces;  fracture, 
^^nchoidal,  uneven. 

Tests  for  Identification. — B.  B.  the  mercury  is  volatilized 
^nd  a  globule  of  silver  is  left.  It  yields  a  sublimate  of  mer- 
cury in  closed  tube,  and  is  soluble  in  nitric  acid. 

90.  Cinnabar,  or  natural  vermilion,  is  sulphide  of 
Mercury,  HgS.  Mercury,  ho. 2  percent.;  sulphur,  13.8  per 
cent. ;  it  is  often  impure.     It  crystallizes  in  the  hexagonal 
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system,  rarely  in  small,  transparent  rhombohedral  cryst^^" 
or  six-sided  prisms,  and  occurs  usually  massive,  sometin^-  ^ 
earthy.  Color^  cochineal-red,  scarlet  to  brownish-red  ^^ 
black;  streaky  scarlet;  transparent  to  opaque;  luster,  ad  -^ 
mantine  to  dull;  tenacity,  brittle  to  sectile;  cleavage,  later^^"- 
perfect;  Z/'  =  2  to  2.6;  C  =  8  to  8.2, 

Cinnabar  is  the  most  important  ore  of  mercury. 

Tests  for  Identification. — B.  B.  completely  volatile  if  pur^^ 
with  an  odor  of  burning  sulphur.  Sulphur  test  on  silv^^ 
when  fused  with  soda.  In  a  closed  tube,  it  yields  black  sutm^ 
limate  that  turns  red  when  rubbed;  with  soda,  it  giv^^= 
mirror  of  mercury,  which  may  be  collected  into  a  drop  b  _J 
rubbing  with  a  splinter.     It  is  soluble  in  aqua  regia. 

Varieties, — Metacinnabarite  is  a  black   sulphide  of  mer — 
cury,  HgS.     Rarely  occurs  crystallized.*    Luster ^  metallic^^ 
H  =Z\G  z:z  7.76. 

Guadalcazarite  is  also  sulphide  of  mercury,  HgS,  bu"^ 
sometimes  part  of  the  mercury  is  replaced  by  zinc,  and  ^2lt^Mz^ 
of  the  sulphur  by  selenium. 

91.  Calomel,  or  liom  mercury,  is  mercurous  chloride, 
HgCl.  Mercury,  84.9  per  cent. ;  chlorine,  16.1  per  cent.  It: 
crystallizes  in  the  tetragonal  system,  and  occurs  usually  as  a 
coating  to  cavities,  and  is  either  with  or  near  by  a  cinnabar 
deposit.  Color,  white,  gray,  brown ;  streak,  white ;  translu- 
cent; luster,  adamantine;  tenacity,  sectile;  //^  =  1  to  2; 
G  =  6.48. 

Tests  for  Identification, — B.  B.  volatilizes  without  fjising, 
coating  the  coal  white.  In  a  closed  tube,  with  soda,  it  forms 
a  metallic  mirror.     It  reacts  for  chlorine. 


MOIiYBDENUM    MINERAIiS 

92.  Molybdenite  is  molybdenum  sulphide,  MoS^ 
Molybdenum,  60  per  cent. ;  sulphur,  40  per  cent.  It  crys 
tallizes  in  the  hexagonal  system  in  tabular  hexagonal  prisms, 
and  occurs  usually  foliated,  massive,  or  in  scales.  It  resem 
bles  graphite  in  appearance.    Color,  bluish  lead-gray ;  j/r^fl>t. 
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^f^enish  lead-gray  (best  seen  on  glazed  porcelain)*  opaque; 
iM^jer,  metallic;  (atadty,  sectile  to  malleable;  ckm^age, 
basal;  H  =  \  to  i.b\  G  ^  4.44  to  4.9. 

^lolybdenite  is  the  source  of  molybdenum  salts. 

yi$ts  for  identification. — B.  B.  infusible;  it  colors  flame 
y^^ltowish-green  at  high  heat.  It  gives  an  odor  of  burning 
stmlphuron  charcoal  and  in  open  tube,  and  a  sulphur  reac- 
tion, with  soda,  on  silver.  It  is  soluble  in  strong  nitric  acid, 
an^l  with  sulphuric  acid  yields  a  blue  solution.  It  reacts 
^*^ I- molybdenum  in  S.  Ph,  bead;  when  this  bead  is  crushed 
^^^tween  damp,  unglazed  paper,  it  becomes  red,  brown^ 
F^Virple,  or  blue,  according  to  the  amount  present.  Distin- 
^^lished  from  graphite  by  streak  and  blowpipe  reactions, 

93.  Molybdlt'©  is  molybdenum  trioxide,  M&O^,  Molyb- 
<l^num,  66,7  per  cent.:  oxygen,  33,3  per  cent.  It  crystal- 
Hzes  in  the  orthorhombic  system,  rarely  in  tufts,  hair  like, 
^nd  cadiated  crystals,  but  occurs  usually  as  an  earthy  powder 
or  incrustation.  Color ^  yellow  or  yellowish- white;  streaky 
straw-yellow;  translucent  to  opaque;  luster^  dull  or  silky; 
ienactiy,  earthy;  //  :=  1  to  ^;  ^  =:^  4.49  to  4.5, 

Tests  for  Identification. — B,  B,  on  charcoal  fuses;  yields 
Crystals — yellow  while  hot,  white  when  cold,  made  deep  blue 
by  R,  F,     It  gives  all  the  reactions  for  molybdenum. 


NICKKL    MIXERALiS 

94#  MUlerlt*?,  or  eapillury  pyrites,  is  nickel  sulphide, 
His,  Nickel,  64.4  per  cent. ;  sulphur,  35.6  per  cent.  It 
crystallizes  in  the  hexagonal  system  in  acicular  5brous  oti 
hair-like  crystals,  often  interwoven  and  wool  like,  or  in ' 
crusts  made  up  of  radiating  needles  visible  on  fracture. 
Colcnr^  brass  or  bronze-yellow;  streaky  dark  greeriish^black; 
opaque;  lusttr^  metallic;  tenacity^  brittle;  crystals,  elastic; 
ctenvagf^  rhombohedral;  H  ^Z   to   3,6;  C  =  5.3   to   5,60, 

Millerite  is  an  important  ore  of  nickel. 

Tests  for  Identification. — B.  B,  on  charcoal  fuses  easily  to 
a  brittle  magnetic  globule  yielding  odor  of  burning  sulphur. 
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After   roasting,  it  gives  bead    reactions  for   nickel.     It  a 
soluble  in  aqua  regia,  giving  a  green  solution  from  whic 
potassium  hydroxide  precipitates  green  nickelous  hydroxide 
which  dissolves  in  ammonia  to  a  blue  solution. 

96.  Pentlandlte  is  a  sulphide  of  iron  and  nickel  {Fe.Ni)S 
usually  containing  some  copper ;  the  composition  is  variable 
It  crystallizes  in  the  isometric  system,  but  occurs  als< 
massive  and  granular,  usually  with  chalcopyrite  an< 
pyrrhotite.  Color ^  bronze,  yellow;  streaky  black;  opaque 
luster^  metallic;  tenacity,  brittle;  cleavage,  octahedral 
H  -  3.5  to  4;  G  =  4.6  to  5. 

Pentlandite  is  mined  in  Sudbury,  Ontario,  for  nickel. 

Tests  for  Identification. — B.  B.  fuses  to  a  magnetic  globul< 
that  reacts  for  iron  and  nickel.  It  gives  an  odor  of  burnini 
sulphur. 

96,  Niccolite,  or  copper  nickel,  is  arsenide  of  nickel 
NiAs.  Nickel,  43.9  percent.;  arsenic,  66.1  per  cent.;  th< 
nickel  is  sometimes  partially  replaced  by  cobalt  or  iron  an< 
the  arsenic  by  antimony  or  sulphur.  It  crystallizes  in  th< 
hexagonal  system  and  occurs  usually  massive  with  a  smootl 
impalpable  structure.  Color^  pale  copper-red  with  darl 
tarnish;  streak,  brownish-black;  opaque;  luster,  metallic 
tenacity,  brittle;  cleavage,  uneven;  //  =  5  to  h.h\  G^  =  7. J 
to  7.67. 

Niccolite  is  an  important  ore  of  nickel. 

Tests  for  Identification — B.  B.  on  charcoal  fuses  easily 
giving  white  fumes,  garlic  odor,  and  leaving  a  magnetic 
residue  that  gives  bead  reactions  for  nickel  and  sometimet 
for  cobalt.  In  an  open  tube,  it  gives  white  sublimate  anc 
yellowish-green  residue.  It  is  soluble  in  nitric  acid  anc 
forms  a  green  solution. 

97,  Chloantlilte  is  also  an  arsenide  of  nickel,  A^iAs^. 
Nickel,  28.1  per  cent. ;  arsenic,  71.9  per  cent. ;  the  nickel  u 
often  partially  replaced  by  iron  and  cobalt.  It  resemblcj 
smaltite,  into  which  it  merges.  Color,  tin-white  to  steel- 
gray;  streak,  grayish-black;  opaque;  luster^  metallic, 
tenacity,  brittle. 
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Tresis  for  Identification, — B.  B.  like  smaltite  except  that  it 
reacts  for  nickel. 

98.  Gersdorfflte  is  nickel  sulph-arsenide,  NiAsS, 
Nickel,  35.4  per  cent.;  arsenic,  46.3  per  cent.;  sulphur, 
19.  3  per  cent. ;  the  nickel  is  often  replaced  by  iron  or  cobalt. 
It  crystallizes  in  the  isometric  system  in  forms  similar  to 
pyrites,  and  occurs  usually  massive  and  fine-grained  and 
incrusting  decomposed  galenite  and  sphalerite.  Color^ 
silver-white  to  steel-gray;  streaky  dark-grayish  black; 
opaque;  luster^  metallic;  tenacity^  brittle;  cleavage^  cubic; 
^  =  5.6;  G  =  5.6  to  6.2. 

^ests  for  Identification. — B.  B.  decrepitates  and  fuses  cas- 
^^T  to  a  metallic  globule  giving  white  arsenic  fumes  and  an 
^c>r  of  garlic,  and  of  burning  sulphur.  The  residue  is  mag- 
"^t:ic  and  reacts  for  sulphur;  it  will  react  for  nickel  in  borax 
^^Si.d  unless  obscured  by  the  presence  of  cobalt  and  iron. 

^^9.  Garniertte,  or  nouineite,  is  hydrous  silicate  of 
"^<^lcel  containing  magnesium,  HJiNi.Mg)SiO^JI^().  It 
o^<^urs  amorphous  in  loosely  compacted  masses  and  in  crusts. 
^^^^or,  bright  apple-green  to  pale  greenish- white;  streaky 
^*Klit  green  to  white;  opaque;  luster,  resinous  or  varnish 
^»*c:^  to  dull;  tenacity,  friable;  //  =  2  to  3;  6  =  2.2?  to  2.8. 
^^     is  unctuous  and  adheres  to  the  tongue. 

Cjarnieritc  is  the  most  imp<^>rtant  ore  of  nickel. 
Tests  for  Identificaticn. — B.  B.  ififusible,  decrepitates.     It 
y^^lds  much  water  in  a  closed  tu^x:.  and  gives  l^tad  rtUfXiouh 
^^-•^^  nickel.     It  is  decom'^jn^fl  by  hydr^yihloric  acid  without 
^^  latinizing. 


100.  Sjrlvlte  is  >oii-.t:-:r.  ^hior.:*:  /TC/  ?^A'<iW::r:.. 
^^ - 4  per  cer.1. :  ■- hlor; r.*: .  4 T  •,  'Jtr  -. t r. t  J \  '. ry \*jk,\ \\2^,\  .'. 
^•^^  isometric  «T*:f::r-  w    '.     'VVi-.-r-Jra!  'iv:-    'A\*:z.\:.  '  /*y:*. 

^^<i  occurs  also  di.^:v*:     -.   « -.  •.*:    "i'Vrr   r.iv.-,;^  ♦.*,•:  i:,:y:i:- 

^^^cc  of  cwniDoc  sfclt      J:  i  ,..",•  -.'-  r  .-k  Ir.r:.  *.:.*:  '<\:r,'A^ 
l^^erc  aod   bccoou   di.::->.      Ccyyr^   wi..*.^,   '^•— 1.%,   r-t^-ic.wi, 
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colorless;  streaky  white;  transparent  to  translucent;  lu 
vitreous;  tenacity^  brittle;  cleavage,  cubic,  perfect;  / 
nearly  like  common  salt;  //  =  2;  G  =  1.97  to  1.99. 

Tests  for  Identification, — :B.  B.  fuses  readily  and  gi 
violet  flame.  In  S.  Ph.  bead  with  copper  oxide  gives  a: 
blue  coloration  to  flame.     It  is  soluble  in  water  and  aci< 

101.  Niter,  or  saltpeter,  is  potassium  nitrate,  K 
Potassium  oxide,  Kfi,  46.5  per  cent.;  nitrogen  pento 
iV,(7,,  53.5  per  cent.  It  crystallizes  in  the  orthorho 
system  in  needle-like  prisms,  and  occurs  also  as  white  c 
and  silky  tufts  in  caverns  and  on  the  earth's  surface,  on  \ 
rocks,  etc.  Color ^  white,  colorless,  gray;  streaky  w 
translucent  or  subtransparent ;  luster^  vitreous;  tem 
brittle ;  taste,  saline  and  cooling. 

Niter  is  used  in  the  manufacture  of  gunpowder,  in  i 
cine,  etc. 

Tests  for  Identification. — B.  B.  fuses  easily  and  color 
flame   violet.     On   charcoal  it  deflagrates   violently, 
soluble  in  water. 


SIIiICA   AND    SIIilCATES 

10!3.  The  element  silicon  occurs  principally  in  the 
of  silica  or  silicon  dioxide,  SiO^,  and  combinations  ol 
latter  with  other  elements  in  the  form  of  silicates.  It  is, 
to  oxygen,  the  most  abundant  element  in  nature.  Owii 
the  large  varieties  of  silicates  and  their  complex  nature, 
difficult  to  classify  them  arbitrarily.  The  classific; 
here  adopted  is  as  follows:  Silica,  anhydrous  silic 
hydrous  silicates,    titano  silicates. 


SILICA 

103,  Quartz  is  silicon  dioxide,  SiO^.  Silicon,  46.7 
cent.;  oxygen,  53.3  per  cent.;  it  often  contains  va: 
impurities  that  give  it  characteristic  colors.     It  crystal 
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jjfi  tlie  hexagonal  system,  in  six-sided  prisms  terminated  by 
tsi^  pyramidal  planes,  Fig.  -^4  (if),  (d),  (r),,  and  {(/);  the 
f^tr lotions  shown  on  the  faces  are  often  well  marked.     In 

Fig:-  ^^  i^h  the 
priBm  is  absent  and 
tli^   crystal  is  made 


up 


of  the  two  term  I- 


nai  pyramids.  The 
crystals  are  often 
miich  distorted  and 
thinned.  It  occurs 
also  as  translucent 
non-crystalline  lay- 
ers in  cavities  having 
usu^l^y  ^  mam  mil  ^ 
lar>%  nodular,  or  stal- 


(^) 


id> 


FIG.  «4 

actitic  structure,  also  as  non-crystallized  opaque  material 
hig'hiy  colored  by  iron,  etc.  Ceiar^  white  or  colorless  when 
pare;  when  impure  it  is  found  of  all  colors;  streaky  white; 
transparent  to  opaque;  luster^  vitreous  to  greasy ;  tcttacity^ 
br  i  1 1  le  to  to  u  g  h  •  cka  vag-e,  r  h  o  m  bo  h  e  d  r a  1 ,  difficult;  fractu  rt^ 
coochoidal;  H  —1\  G  ^%.%Xo  %.M. 

luirietics. — L     The  crystalline  varieties  are  vitreous  in 
luster,   often    transparent;    occur    in   isolated  or  grouped 
crystals,   drusy  surfaces,  crystalline.     They    have  a  glassy 
fracture.     Rmk    crystal^   pure,    colorless,    or   nearly  color- 
less, quartet  crystals;  amethyst^  a    purple  or  violet   variety 
of  quartz  crystal   that   is  often   very  beautiful;    the  color 
di;*appears  on    heating   and   is    probably  due   to   the  pres- 
ence of    manganese;   yellow  tfunriz   or  false  Hpaz^   light 
yellow  quarts   crystals  often  cut  and  used  for   topaz,  but 
distinguished  from  the  true  topaz  by  the  absence  of  cleav- 
age; smoky  quart::^  quartz  crystals  of  a  smoky  brown  color, 
fifjmetimes  quite  dark;  milky ^  or  greasy,  quarts,  a   milky- 
white  variety  of  quartz  of  common  occurrence,  it  is  translu* 
cent  but   nearly  opaque   and  often   has  a  greasy   luster; 
ferruginous  quarts^  opaque,  yellow-brownish,  yellow,  or  red 
crystab;  color  due  to  the  presence  uf  ferric  oxide;  eats  eye^ 
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opalescent,  grayish-brown  or  green  quartz  containing  par- 
allel fibers  of  asbestos. 

2.  The  chalcedonic  varieties  are  translucent  and  have  a 
waxy  luster,  they  are  frequently  nodular,  mammillary, 
stalactitic,  and  filling  cavities,  and  are  never  crystalline. 
Chalcedony^  pale  blue  or  gray  varieties  of  a  uniform  tint; 
agate^  banded,  showing  the  successive  depositions,  which 
are  often  of  different  tints  and  irregularly  mixed,  giving  the 
stone  peculiar  markings  from  which  subvarieties  are  named 
as  follows:  banded  agate,  ruin  or  fortification  agate,  moss 
agate,  etc.;  sard,  or  carnelian,  deep  brownish-red  chalce- 
dony, of  a  blood-red  color  by  transmitted  light ;  sard  and 
chalcedony  in  alternate  layers  is  called  sardonyji ;  onyx,  a 
variety  of  agate  in  which  the  colors  are  arranged  in  flat 
horizontal  layers,  the  colors  being  arranged  usually  in  alter- 
nate layers  of  white  and  black,  white  and  red,  etc. ;  prase, 
dull  onion-top  green ;  chrysoprase,  apple-green,  color  due  to 
xx\cV€i\  plasma,  heliotrope,  and  bloodstone,  faintly  translu- 
cent, of  a  green  color,  spotted  with  white,  yellow,  or  red 
dots,  and  thread-like  markings. 

3.  Jasper y  Varieties,  —Jasper,  dull,  opaque,  silicious  stone, 
usually  of  a  high  color  due  to  the  presence  of  clay  and  iron 
oxide;  the  color  ranges  from  yellow,  red  to  brown;  touch- 
stojie,  violet-black  and  opaque,  used  for  testing  and  com- 
paring the  purity  of  precious  metals  by  means  of  their  streak 
on  the  black  surface. 

104,  Opal  is  an  amorphous  and  hydrous  form  of  silica, 
Si0^.nH^O\  the  water  varies  from  5  to  12  per  cent.  It 
occurs  massive,  reniform,  stalactitic,  and  earthy,  and  in  veins. 
Its  luster  is  vitreous  to  resinous,  pearly  or  dull;  tenacity, 
brittle;  H  =  5.5  to  6.5;  G  =  2.1  to  2.2. 

Tests  for  Identification.  —  B.  B.  infusible,  but  becomes 
opaque.  It  yields  water  in  a  closed  tube.  It  is  insoluble  in 
all  acids  except  hydrofluoric,  but  is  soluble  in  caustic 
alkalies. 

Varieties. — Precious  opal,  usually  milky  blue  externally 
with  ^beautiful  internal  play  of   tints,  due  probably  to  thin 
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curved  laminse  formed  and  bent  during:  solidification ;  firt* 
^al^  reddish  or  brown  color,  with  yellow  and  bright  hyacinth 
or  red    reflections  resembling  fire;   commofiy   or  semiof^al^ 
translucent  to  nearly  opaque  opal  of  various  colors,  usually 
yellow  or  brown,  but  without  the  colored  internal  reflec- 
tions, though  sometimes  it  has  a  milky  opalescence;  wood 
opal,  petrified  wood  retaining  the  woody  structure,  the  petri- 
fying material  being  opal;  opal  jasper  resembles  jasper  in 
color,  but  is  softer  and  has  resinous  luster;  hyalite,  colorless 
transparent  masses  occurring  as  crusts  or  concretions,  and 
resembling  glass  or  gum  arabic ;  geyserite,  siltcious  sifiter,  a 
loose,  porous  rock  of  opal  silica,  deposited  around  geysers, 
grayish  to  white  in  color;  fiorite,  or  pearl  sinter,  a  f)early, 
translucent  material  found  in  volcanic  tufa  near  hot  springs; 
floatstone^  a  variety  of  opal,  so  porous  and  light  that  it  will 
float  on  water. 


FKL.D.SPAIIH 

105.  Ortlioclase,  potaHh  feldHimr,  or  common  fi^ld- 
spar,  is  a  silicate  of  potassium  and  aluminum,  KAlSi^O^, 
Silica,  5/d7„  64.7  per  cent.; 
alumina,  Alfi^^  18.4  per  cent.; 
and  potassium  oxide,  Kfi^ 
16.9  per  cent. ;  sometimes  part 
of  the  potassium  is  replaced  by 
sodium.  It  crystallizes  in  the 
monoclinic  system  in  a  variety 
of  forms,  usually  in  thick  prisms. 
Fig.  25  (fl),  and  in  twinned 
forms.  Fig.  25  (b) ;  it  al.v^  «^K:curs 
massive,  lamellar,  and  crypt'xrystallin^.  Cohr^  whit^, 
colorless,  yellowish,  gray,  fl^rsh-red,  gr*:eri:  itreak,  whit^; 
transparent  toopaqui:;  lu:(€r.  •/itr^rous  or  ;^arly;  cleavage, 
basal  and  clinopinacMdal.  \M^,xi*-j,\'.  If  =  *;  *,',  0.*^;  0'  rr  2  44 
to  2.62. 


l^ 


Fiv  » 


Orthoclase  is  or:-^  - 
syenite,  gneiss,  ziA 


f  •*-- 


tnt%  of  '^r'^u\* 


'y,iC%. 
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Tests  for  Identification. — B.  B.  fuses  with  difficulty  (4  to  ^^ 
to  a  semitransparent  glass,  coloring  flame  violet.  It  ^  • 
insoluble  in  acids. 

Varieties, — Ordinary  feldspar^  the  common,  subtransli^- 
cent  variety,  occurs  in  simple  or  twinned  crystals  of  whitt^  -. 
flesh-red,    yellow,    or    green    color;    adularia^    colorless   \.c:^ 
white,  transparent,  usually  with  a  pearly  opalescence,   lik^ 
moonstone,  and  sometimes  with  a  play  of  colors;  it  is  usually^ 
crystallized;    sanidin^    or    glassy  feldspar^    glassy,    white^ 
colorless,   transparent  tabular  crystals,  in  lavas,  trachytes^ 
etc. ;  loxochxse^  grayish-white  or  yellowish  crystals  having  a-^ 
pearly   or   greasy   luster;    it   contains   much    soda';    felsite^ 
jaspery  or  flint-like  masses  of  a  brown  or  red  color. 

106,  Alblte  or  soda  feldspar  is  a  sodium  aluminum  sili- 
cate, NaAlSifi^.  Silica,  SiO^^  68.6  per  cent.;  aluminum 
oxide,  Alfi^^  19.6  per  cent.;  sodium  oxide^  Nafi^  11.8  per 
cent.  Soda  feldspar  crystallizes  in  the  triclinic  system  in 
small  but  somewhat  thick  and  tabular  crystals,  Fig.  26  {a)  and 


(e) 


Pig.  26 


also  twinned  as  in  Fig.  26  {b)  and  (c) ;  it  occurs  usually  mas- 
sive, with  a  granular  or  lamellar  structure,  the  laminae  being 
either  straight  or  curved.  Color,  white,  colorless,  gray, 
bluish,  red,  and  green;  streak,  white;  transparent  to  opaque; 
luster,  vitreous;  cleavage,  perfect;  H  =  6  to  6.5;  G^  =  2.62 
to  2.66. 

It  is  a  constituent  of  some  kinds  of  granite  and  gneiss. 

Tests  for  Identification. — B.  B.  fuses  in  small  pieces  with 
difficulty  (4  to  5)  to  a  colorless  glass  or  white  enamel,  color- 
ing the  flame  intensely  yellow.     It  is  insoluble  in  acids. 
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%01m  Oligroclase,  or  soda-lime  feldspar,  is  a  double 
silioate  of  sodium  and  aluminum,  and  calcium  and  aluminum, 
^{^JS/aAlSifi^  +  CaAl^Sifi^,  in  which  «  =  2  to  6;  part  of 
th^  sodium  is  usually  replaced  by  potassium.  It  crystallizes 
in  the  triclinic  system.  Occurs  usually  massive  with  fine 
3tf-iations  on  the  cleavage  surface.  Color ^  white,  gray,  yel- 
iQ'^^ish,  greenish,  and  reddish;  streaky  white;  transparent  to 
opaque ;  luster^  vitreous  to  pearly ;  tenacity^  brittle ;  cleavage^ 
pe^^fect;  //^  =  6  to  7;  C  =  2.65  to  2.67. 

Xt  is  with  orthoclase  a  constituent  of  granites,  gneiss,  and 
Q^l^er  rocks  of  igneous  origin. 

^ests  for  Identification, — B.  B.  fuses  easily  (3  to  3.5)  to  a 
qX^slt  or  enamel-like  glass.     It  is  insoluble  in  acids. 

108.    liabradorite,  or  lime-soda  feldspar,  is  a  double 

silicate  of  sodium  and  aluminum,  and  calcium  and  aluminum, 

f/aAlSi^O,  +  n{CaA/^Si^O,),  in   which  «  =  1,  2,  or   3.     It 

crystallizes  in  the  triclinic  system  rarely  in  small  tabular 

crystals  and  occurs  also  massive,  granular,  and  cleavable  into 

masses  that  often  show  beautiful  changing  colors — blue,  gold, 

red,  etc. — like  cat's  eyes  in  the  dark.     It  is  a  constituent 

of  many  eruptive  rocks  and  lavas  and  also  of  some  meta- 

morphic  rocks.     Color ^  white,  colorless,  dark-gray,  brown,  or 

greenish-brown;  streak,  white;  translucent  to  opaque;  luster^ 

v/treous  to  pearly;  tenacity^  brittle;  cleavage,  perfect;  H  =  b 

to  6;    6^  =  2.7  to  2.72. 

It  is  used  for  making  ornaments,  table  tops,  etc. 

Tests  for  Identification. — B.  B.  fuses  easily  to  a  colorless 

glass.       It  is  partially  soluble  in  hydrochloric  acid. 

lOO.  Anorthite,  indlanlte,  or  lime  feldspar,  is  a  sili- 
cate of  calcium  and  aluminum,  CaAl^Si^O^.  Calcium  oxide, 
CaO^  20.1  per  cent. ;  aluminum  oxide,  Al^O^,  36.8  per  cent. ; 
siUca,  SiO^,  43.1  per  cent.  It  crystallizes  in  the  triclinic 
system  in  tabular  crystals,  and  occurs  also  massive  granular 

or  coarse   lamellar.     Color^  white,  colorless,   gray,  yellow, 

and  red;   streak,    white;    transparent    to    opaque;    luster, 

vitreous;  tenacity,  brittle;  cleavage,  perfect. 


56 


MINERALOGY 


36 


It  is  a  constituent  of  basic  eruptive  rocks  and  of  sor^*^^ 
metamorphic  rocks. 

Tests  for  Identification, — B.  B.  fuses  with  difficulty  (5)  "^' 
a  colorless  glass.  When  finely  powdered,  it  is  decompos^^^ 
by  hydrochloric  acid,  sometimes  with  gelatinization ;  tl 
solution  gives  a  white  precipitate  on  addition  of  sulphur 
acid. 


ANHYDROUS  SILICATES  OTHER  THAN  FEIiBSPARS 

110.  lieucite    is    potassium     aluminum     metasilicater  ^ 
KAl{SiO^^.     It  crystallizes  in  the  isometric  system  in  trape  — 
zohedrons,  and  occurs  in  disseminated  grains  and  crystals  ir^. 
volcanic  rock.     Color ^  glassy  white  to  gray,  or  with  yellow  — 
ish  or  red  tint;  streaky  white;  translucent  to  opaque;  luster^ 
vitreous  to  greasy;  cleavage,  none;  Z/'  =  5.5  to  6;  G"  =  2.45 
to  2.50. 

Leucite  rock  is  used  for  millstones. 

Tests  for  Identification.  —  B.  B.  infusible.  Moistened 
with  cobalt-nitrate  solution  and  ignited,  it  becomes  blue. 
It  is  decomposed  by  hydrochloric  acid  without  gelatinizing, 
leaving  a  fine  powdery  residue  of  silica. 

111.  Pyroxene  is  a  metasilicate,  RSiO^,  in  which  R  is 
chiefly  calcium,  magnesium,  manganese,  iron,  or  aluminum. 

It  crystallizes  in  the  mono- 
//\  /f£}i  clinic  system  in  short,  thick 
'^"^^^  oblique  rhombic  prisms, 
Fig.  27,  of  four,  six,  or 
eight  sides  terminating  in  two 
faces  meeting  at  an  edge,  and 
occurs  also  granular,  foliated, 
and  as  columnar  masses,  and  rarely  fibrous.  Color,  white, 
green,  black,  and  brown;  streak,  white  to  greenish;  trans- 
parent to  opaque;  luster,  vitreous  to  dull  or  resinous; 
tenacity,  brittle;  cleavage,  prismatic,  perfect; /r^r/i/r^,  con- 
choidal;  //=  5.6;  C  =  3.2  to  3.6. 
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It  is  a  constituent  of  almost  all  basic  eruptive  rocks,  and 
not  uncommon  in  rocks  of  other  kinds. 

Tests  far  Identification. — B.  B.  usually  fuses  easily  (2.5 
to  5)  to  a  dark  glass  and  sometimes  to  a  magnetic  globule. 
It  is  generally  insoluble  in  acids. 

Varieties. — Malacolite^  or  diopside,  a  calcium  magnesium 
pyroxene,  CaMg{SiO^)^^  is  usually  of  a  white,  grayish,  or 
pale-green  color;  augite  consists  chiefly  of  CaMg(SiO^)^^ 
but  also  contains  iron  and  aluminum;  it  is  greenish-black  to 
black ;  diailage,  a  thin  foliated  variety  of  pyroxene  occurring 
imbedded  in  serpentine  and  other  rocks,  is  green  or  brown 
in  color. 

112.  Spodmnene  is  a  lithium  aluminum  metasilicate, 
LiAl(SiO^^^  in  which  part  of  the  lithium  is  replaced  by 
sodium.  It  crystallizes  in  the  monoclinic  system  in  crystals 
sometimes  of  great  size  (4  feet  in  length)  and  occurs 
also  in  cleavable  masses.  Color,  white,  grayish,  or  greenish- 
pink,  rarely  emerald -green ;  j/rr<zi',  white;  transparent  to 
opaque;  /irj/rr,  vitreous  to  pearly ;  tenacity,  brittle;  cleavage^ 
prismatic,  perfect;  //^  =  6.5  to  7;  6'  =  3.13  to  3.2. 

Tests  for  Identification. — B.  B.  becomes  white  and  opaque 
and  fuses  with  intumescence  to  a  white  or  colorless  glass; 
't  Colors  flame  purple-red.  especially  when  moistened  with 
hydrochloric  acid.     It  is  insoluble  in  acids. 

^etrieties. — Hiddcnite,  a  beautiful  emerald-green  variety 
^^  ^podumene,  is  much  used  as  a  gem. 

^13.  Wollaetonlte,  or  tabular  ftpar,  is  calcium  meta- 
siHoatc,  CaSiO^.  Calcium  oxide.  4^  per  cent. :  silica,  Tyl  per 
^^'^t..  It  crystallizes  in  the  n-jon'xlinic  system  in  tabular 
^'^stals  and  occurs  also  massive  and  compact  to  fibrous. 
^^A>F-^  white,  gray,  tinged  with  yellow,  red.  or  brown;  streak, 
^*^^te;  translucent,  rarely  -ubtrar.sparent;  luster,  vitreous; 
^^^^^et^ity^  brittle;  H  =  4.5  to  5:0  =  'iM  to  -^.9. 

'^€'sts  for  Identification. — B.  B.   fuses    with    difficulty    (4 

^^    -S).  coloring  the  flan:e   r*:d       It  gelatinizes  and  usually 

^^^rvcsces  in  hvdroLhloric  acid. 
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114.    Amphibole,  or  hornblende,  is  a  metasilicate  o£ 
calcium,  magnesium,  and  iron,  {Ca,Mg,Fe)StO^\  in  composi— 
tion  and  form  it  is  closely  related  to  pyroxene.     It  crystal  - 
lizes  in  the  monoclinic  system,  often  in  long,  slender  prisms^ 
and  occurs  also  in  columnar,  fibrous,  and  granular  masses^ 
rarely  lamellar,  and  sometimes  radiated.    Color ^  white,  gray, 
yellow,  green,  red,  brown,  and  black ;  streaky  white  or  green- 
ish ;  transparent  to  opaque ;  luster,  vitreous  to  silky ;  tenacity, 
brittle  to  tough ;  cleavage,  prtsmatic,  perfect ;  //"  =  6  to  6 ; 
G  =  2.9  to  3.4. 

Tests  for  Identification. — B.  B.  fuses  from  (2.6)  to  (5)  to 
a  colored  glass  that  is  sometimes  magnetic;  the  darker 
varieties  fuse  easier  than  the  lighter. 

Varieties. —  Tremolite,  calcium  magnesium  amphibole, 
CaMg^{SiO^)^,  white  to  gray  in  color.  Actinolite,  composi- 
tion Ca{Mg.Fe)^{SiO^)^,  is  similar  to  tremolite  except  that 
part  of  the  magnesium  is  replaced  by  iron;  it  is  fibrous, 
columnar,  prismatic,  and  massive,  sometimes  radiated, 
and  bright  green  or  grayish-green  in  color.  Asbestos  occurs 
in  fine,  easily  separable  fibers;  it  varies  from  white,  gray,  to 
greenish  in  color.  Nephrite,  or  Jade,  is  a  tough,  compact 
variety  related  to  tremolite;  it  is  microscopically  fibrous. 
Hornblende  is  an  aluminous  variety  containing  much  iron; 
it  is  black  or  green  in  color  with  a  luster  something  like 
horn. 

115*  Rhodonite,  or  mang^anese  spar,  is  manganese 
metasilicate,  MnSiO^,  in  which  part  of  the  manganese  is 
partially  replaced  by  calcium,  iron,  or  zinc.  It  crystallizes  in 
the  triclinic  system,  the  crystals  being  either  tabular  or  in 
forms  like  pyroxene;  it  occurs  usually  compact  in  fine- 
grained or  cleavable  masses  and  disseminated  grains.  Color, 
usually  deep  flesh-red,  brownish,  greenish,  and  yellowish; 
streak,  white;  transparent  to  opaque;  luster,  vitreous; 
tenacity,  brittle  to  tough;  cleavage,  indistinct;  // =  5.6  to 
6.5;  G  =  3.4  to  3.G8. 

Tests  for  Identification. — B.  B.  blackens  and  fuses  easily 
(2.5)  with  slight  intumescence.    On  coal  with  soda,  it  reacts 
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for  zinc;  it  also  reacts  for  manganese.  When  powdered,  it 
js  partially  deconiposed  by  hydrochloric  acid,  leaving  a 
irhite  residue. 

11.6*    Beryl  is  a  metasilicate  of  aluminum  and  beryllium, 
A/^S^^{SiO^)^;    it   often    contains   small    amounts  of    iron, 
cgesium,  lithium,    and   chromium,   as  impurities,   some   of 
which  give  the  mineral  characteristic  colors.     It  crystallizes 
in    the  hexagonal  system  hi  prisms  of  variable  size,  from 
small   threads   up    to    several   feet   in  lengthy   and  occurs 
usually  crystallized,    rarely   massive   or   granular.      Color ^ 
ernerald-green  to  pale  green,  blue,  red,  yellow,  white,  color- 
[  less;  sir£ak^  white;  transparent  to  nearly   opaque;  luster^ 
vitreous;  tenadty^   brittle;  cieaTage^    basal    and  prismatiCp 
iraperfect;  ^  =  7.5  to  8;  C  =  2.63  to  2.8, 
I        Tresis  for  Identification. — B,  B,  difficultly  fusible  on  thin 
edges  and  becomes  milk-white  or  cloudy.      It  is  slowly  dis- 
solved in  S.  Ph.  to  an  opalescent  bead,  but  is  insoluble  in 
acids. 

Varieties. — Emerald^  a  bright,  rich,  green  variety,  the 
green  color  being  due  to  the  presence  of  a  small  amount  of 
chromium;  it  is  used  as  a  gem;  aquamarine,  clear  beryls  of 
sea-green,  pale-t^uish,  or  bluish -green  color;  it  is  used  as  a 
gem;  g&sAenite^  a  colorless  variety  of  beryl. 

H?,  Cyanlte,  or  kyanlte,  is  a  basic  metasilicate  of 
aluminum,  {A/0)^SiL\.  Alumina,  Al^O^,  63*1  per  cent.; 
silica,  3B,9  per  cent.  It  crystallizes  in  the  tricHnic  system 
in  long,  blade-like  crystals,  seldom  with  terminal  planes. 
Color,  white,  gray,  blue,  green,  to  nea.iy  black;  streaA% 
while;  transparent  to  translucent;  /?/j/(T,  vitreous  to  pearly; 
f^naciij>^  brittle;  eieavage,  pinacoidal,  perfect;  //'^  5  to  7; 
G^  3.5G  10  3.67. 

Tests /&r  Identification, — B.  B.  infusible.  Moistened  with 
cobalt*nitrate  solution  and  ignited,  it  becomes  blue.  It  is 
Insoluble  in  acids, 

118,  CJarttet  is  a  complex  silicate,  R*\R^*\{SiO ^^,  in 
^hich  A'"  is  calcium,  magnesium,  iron,  or  manganese,  and 
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^"  is  aluminum,  iron,  chromium,  or  titanium.     It  crysial-      i 
li^es  in  the  isometric  system  often  in  distinct  dodecahedronifl 
and  trapezohedrons;  both  forms   are  sometimes  variously 
modified  and  combined,  Fig.  *28  {^),  (r),  (rf),  and  (t),  and 
occurs  as  isolated  crystals  scattered  through  the  mother 


W 


W 


M 


(d) 


Fia.  9S 


rock,  Fig.  28  (n) ,  also  in  granular,  lamellar,  and  com 
masses  and  as  rounded  grains.     Color ^   deep   red,   bro^ 
black,  green,  violet^  yellow,  rarely  colorless;  streaky  white; 
transparent  to  opaque;  luster,  vitreous  or  resinous;  tepmcity, 
brittle  or  tough;  cleavage^  dodecahedral,  imperfect;  y>^ir. 
iure,  uneven;  H  ^  ^:b  to  1,b\  G  =  3.15  to  4,38. 

Garnets  are  used  as  an  abrasive  and  the  clear  varieties 
gems. 

Tests  for  Identijimmfi — B,B.  fuses  quite  easily  (3  to  3,5 
except  those  varieties  containing  chromium  and  yttrium*  to 
a  brown  or  black  glass,  which  is  usually  magnetic,  It  gel- 
atinizes with  hydrochloric  acid  after  ignition,  but  is 
unaffected  before. 

Varieties. — Grossiilaritf,    r,  calcium    aluminum    garnet, 
Ca^Al^{Si0^^f  is  pale  green,  pale  yellow,  white,  or  colorless, 
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sometimes  brownish-red    or   rose-red;    ahnandite^  an   iron 

fa  I  amino  m  garnet^  Ft\AlJ^SiO^^^  is  of  various  shades  of 
red;  when  transparent  it  is  called /r^rrWj  garnet ;  spessar- 
iite^  a  manganese  aluminum  garnet^  MH^Al^{SiO^^,  is  red, 

»liyacinth<red,  or  brownish-red  in  color;  andradit^^  a  calcium 
iron  garnet,  Ca^FeJi^SiO^^^  is  yellow,  green^  red-brown,  or 
'  black  in  color;  onvanrviic^  a  calcium  chromium  garnet^ 
Ca^Cr^{SiO^^^  with  some  aluminum,  is  emerald-green  in 
color. 


119-     ClirysoltU%  oil  vine,  nr   peridot,  is  a  silicate  of 

magnesium  and  iron,  {Mg.Fe)^SiO^.  It  crystallizes  in  the 
orthorhombic  system,  (.-rystals  rare,  and  occurs  also  massive 
and  in  disseminated  glassy  grains,  and  as  sand.  Cahr^ 
various  shades  of  green  to  brownish -red  \  streaky  white  or 
yellowish;  transparent  to  tran*;lucent;  iusitr^  vitreous; 
ifnaiit;y^  brittle;  fracture^  conchoidal;  // =  6.5  to  7i 
€  ^  3.37  to  3.57. 

The  transparent  varieties  are  sometimes  used  as  gems. 

Tests  for  liienttjiaition.—  '^.  B,  becomes  white,  but  is 
infusible  unless  it  contains  a  large  proportion  of  iron,  when 
it  fuses  to  a  magnetic  globule.  It  is  soluble,  but  gelatinizes 
with  hydrochloric  acid. 


Zircon,  or   hyacinth,  is   i 
Zirconium    oxide,  ZrO^, 


120. 

ZrSiO^ 
SiO^,  32.8  per  cent. 
It  crystallizes  in  the 
tetragonal  system 
in  prisms  capped 
with  pyramids, 
Fig.  29;  the  crystals 
are  sometimes 
large.  It  occurs 
also  in  irregular 
lumps  and  grains. 


<l^ 


,   silicate   of  zirconium, 
ti7.2    per   cent,  j   silica. 


"-^ 


^^ 


FtO.  ID 

Color,  brown,  red,  green,  yellow,  gray, 

and  colorless;  streak,  white;  transparent  to  opaque:  iusier^ 
adamantine;  tenacttj,  brittle;   J/  =  7,6;    G  =  4.68  to  4.70, 
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Zircon  is  a  source  of  zirconium  oxide.  The  transparen  ^ 
red  and  brown  varieties  (Hyacinth)  are  used  as  gems. 

Tests  for  Identification. —  B.  B.  loses  color,  sometime^s- 
becoming  white.     It  is  infusible,  and  is  insoluble  in  acids. 

121.  Topaz  is  an  aluminum  fluosilicate,  A/^SiO^F^.  Ita 
crystallizes  in  the  orthorhombic  system  in  yellow  rhombic^z 
prisms  with  pyramidal  ends,  Fig.  30,  and  occurs  also^ 
massive  in  columnar  aggregates  and  fragmentary.     Co/or,  - 


^ 
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:^ 
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pale  yellow,  sometimes  white,  pink,  pale  blue,  green,  or 
colorless;  streaky  white;  luster^  vitreous;  tenacity^  brittle; 
cleavage^  basal,  perfect;  H  =  %\  G^  =  3.4  to  3.65. 

The  transparent  varieties  are  used  as  gems. 

Tests  for  Identification. — B.  B.  infusible,  but  yellow  varie- 
ties may  become  pink.  Powdered  and  moistened  with  cobalt- 
nitrate  solution  and  ignited,  it  becomes  blue.  Powdered 
and  heated  in  an  open  tube  with  previously  fused  S.  Ph., 
the  glass  becomes  etched.     It  is  insoluble  in  acids. 


132.  Tourmaline  is  a  complex  silicate  containing 
boron,  R^^B^{SiO^)^,  in  which  R  is  chiefly  aluminum,  potas- 
sium, lithium,  manganese,  calcium,  or  magnesium.  It 
crystallizes  in  the  hexagonal  system  in  prismatic  crystals  of 
three,  six,  nine,  or  twelve  sides,  terminating  in  low  three- 
sided  pyramids,  frequently  of  triangular  cross-section, 
Fig.  31  (c) ;  the  sides  of  the  prisms  are  often  rounded  and 
striated.  It  occurs  also  compact  and  massive,  coarsely 
columnar  and  radiating.  Co/pr^  almost  all  colors,  black, 
brown,  red,  blue,  green,  yellow,  gray,  colorless— different 
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parts  of  the   same   crystals   are   often  of  different  colors; 
^fp'e'ak^  white;  transparent    to   opaque;   iusiir^   vitreous   to 


-^'-, 
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^esinous;  ienacity^  brittle;  cleavage,  difficult  or  absent; 
f^acture^  uneven;  H  -  7  to  7.5  ^  G  =  2.98  to  3.20. 

The  transparent  red,  yellow,  and  green  varieties  are  cut 
and  used  as  gems.  Thin  plates  are  sometimes  used  to 
polarize  light. 

Tests  for  likntificaiimt. —  B.  B.  the  dark  varieties  fuse 
quite  easily,  but  the  light  varieties  fuse  only  with  difficulty* 
It  colors  the  flame  green  when  mixed  with  potassium  bisul- 
phate  and  fluorspar  and  fused.  It  is  insoluble  in  acids^  but 
gelatinizes  after  strong  ignition. 

1S3.  StanroUte*  or  croes-ston©,  is  a  complex  silicate 
of  aluminum  and  iron,  HFeAi^Si^O^^\  the  composition  is 
variable,  and  manganese  and 
magnesium  are  sometimes  pres- 
ent* It  crystallizes  in  the  or- 
thorhombic  system  in  prisms, 
usually  twinned,  the  crystals 
crossing  one  another  either  at 
right  angles  or  at  an  angle  of 
nearly  60^;  there  is  a  large' 
variety  of  forms,  of  which  Fig.  32  shows  two.  Calor^  dark 
brown  to  black;  streaky  white  to  gray;  translucent  to 
opaque;  iusffr^  vitreous  to  resinous;  temuify,  brittle;  ckav- 
age^  sometimes  parallel  to  side  plane ; /rar/;^r^,  subcon- 
choidal;  If  =  7  10  7.5,  G  =  3.IJ5  to  3.75. 

7W/J  /or  Identificatiort.  —  B.  B.  infusible  eiccept  when 
carrying  manganese.     It  is  insoluble  in  acids. 
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134.    KatroHte   b   a   hydrous   silicate   of   sodium    anc 
aluminum,  A%i^Ai^Si^0^^^2H^O,     It  crystallizes  in  the  ortho— 
rhojnbic  system  in  slender  and  nearly  square 
prisms  terminated  with  nearly  flat  pyramids,^ 
Fig.  33,  and  occurs  also  in  globular,  stellated,,^ 
and  divergent  groups  and  interlaced  acicular^ 
fibers,     Cohr^   white,   gray,  colorless,  yellow,, 
or  red;  sfft-ak,  white;  transparent  to  opaque ^j 
hisifr,    vitreous;    tenacity^    brittle j    cleavage, 
prismatic,    perfect  j    // =  5    to   6.5;    G  —  *^. 
to  2.25, 
Tests  far  Idetiiificatitm,  ~  B.  B.  fuses  quietly  at  (2)  to  a^^ 

colorless  glass.     It  yields  water  in  a  closed  tube^  and  gela- 

tinizes  in  hydrochloric  acid, 

125.  Pectollt^  is  a  hydrous  sodium  calcium  silicate, 
NaJ^aJSifi^^M^O,  that  crys* 
talHzes  in  the  monoclinic  sys- 
tem, but  distinct  crystals  arc 
rare.  It  occurs  usually  mas- 
sive, fibrous  with  radiated  or 
stellated  structure,  and  also 
with  radiated  crystals,  Fig*  34, 
Calor^  white  or  gray;  sirmk^ 
white;  translucent  to  opaque; 

luster,  vitreous  to  silky;  tenacity^  brittle;  H  —  5j  G  ^  2. OS 
tu  2,78. 

Tests  for  Identijzcaiian.  —  B.  B.  fuses  easily  (2,5)  to  a 
white  eoamel.  It  yields  water  in  a  closed  tube  and  gela- 
tinizes with  hydrochloric  acid. 


THE  MICAS 

136.    Muscovite,    potajsh    mtca^    white*  or   contnion 

mlea,  is  a  silicate  of  potassium,  sodium  and  alumitium, 
Hj(K.Na)Al^(SiO^)^^  and  also  contains  some  iron  and  mag;- 
nesium.     It  crystalli^tes  in  the  monoclinic  system^  in  crystals 
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q(  rhombic  or  hexagonal  section,  and  occurs  ttsuaHy  in 
plates^  or  scales,  and  crystals,  Fig.  35,  that  cleave  with 
great  ease  into  thin  flexible, 
eiatitic,  and  transparent  leaves; 
it  sometimes  occurs  in  radiated 
grotips  of  aggregated  scales  {plu- 
mose mica),  rarely  spheroidal. 
C^i^^%   from   white   to  green,  - 

bcown,   yellow^   violet,   red,    and 

black;  streaky  white;  laminae  are       -  ^^^ 

transparent  to  translucent;   lus- 
tcT^  vitreous  or  pearly  j  tenacity^ 
elastic  and  sectile;  cleavage^  basal,  eminent;  jV  =  2  to  2.5; 
G  =  2.75  to  3. 

Muscovite  is  used  for  doors  to  stoves  and  furnaces;  as  an 
insulator  in  electrical  machinery,  etc. 

Tests  for  Idetiiificaiitin^ — B.  B.  whitens  and  fuses  with 
difliciilty  on  thinnest  edges  to  a  gray  or  yellowish  glass.  It 
yields  a  little  water  in  a  closed  tube  and  is  insoluble  in  acids, 

1S7.  Blotlte,  mag'ties^liint  mica,  or  black  mtca,  is  a 
silicate  of  potassium,  magnesium,  and  iron,  (H\K)Ji^Mg,Ff\ 
Ai^iSiO^^*  It  crystallizes  in  the  monoclinic  system^  usually 
in  short,  erect,  rhombic,  or  hexagonal  prisms,  and  is 
common  in  disseminated  scales,  also  in  masses  made  up  of 
an  aggregation  of  scales.  It  cleaves  into  thin  elastic 
leav^^s.  Coior\  usually  dark  green  to  black,  rarely  while; 
sfr^^ky  white;  transparent  to  opaque;  hister^  pearly  on 
clea^^-age  surfaces;  vitreous  and  submetallic;  tenacii}\  tough, 
das. tic,  and  seetile;  clmvage,  basal  eminent;  H  =  ^.6  to  3; 
C;^=2.7  to  3.L 

^jHksts  /qt  Identification,—^.  B.  whitens  and  fuses  with 
difRciilty  on  thin  edges.  It  is  decomposed  by  boiling  sul- 
phuiric  acid,  with  the  separation  of  scales  of  silica.  It  reacts 
ior  iron, 

\%%^  Phlogopite,  or  amber  mica,  is  a  silicate  of  mag- 
ivesiiim  and  aluminum,  R^Mg^Al{SiO^^^  in  which  R  —  H^ 
K^MgF,     It  crystallizes  in  the  monoclinic  system,  usually 
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in  oblong  tapering  six-sided  prisms*  Ccior,  yellowish-brown 
to  brownish-red,  green,  or  colorless;  streaky  white;  trans* 
parent  to  translucent;  luster,  pearly  to  siibnietallic;  f^miciif, 
tough,  elastic,  andsectile;  cieavage^  basal  eminent  j  H  =  2.5 
to  3;  G  =  2.78  to  2.85. 

Phlogopfte  is  much  used  in  electrical  work. 

Tests  fi^r  IdentiJica(ion. — B.  B.  whitens  and  fuses  on  thin 
edges.  It  yields  water  in  a  closed  tube  and  is  dccottiposcd 
by  sulphuric  acid  with  separation  of  scales  of  silica. 

129.  Jjeplilollt©,  or  Hthla  mica,  has  the  composition 
R^Ai{SiO^)^,  in  which  R  —  H,Li,K^NaF\  it  is  not  as  common 
as  the  preceding  varieties.  It  crystallizes  in  the  monuclinic 
system.  Caior\  rose- red,  violet  to  white;  streaky  white; 
luster,  pearly;  tenacity^  elastic  and  sectile;  cleavage^  basat, 
perfect;  H  =  2.5  to  4;  G  =  2.8  to  2.9. 

Tests  for  !dcntificittmi. — B.  B.  fuses  easily  (2.5)  to  a  white 
glasSf  and  colors  flame  purple-red.  It  yields  a  little  water 
in  a  closed  tube  and  is  partially  soluble  in  hydrochloric  acid* 


SERPENTINE  ANB  TAI.C  DITISION 

130.  Serpentine  is  a  hydrous  silicate  of  magnesium, 
Mg^Si^O^^%HjJ ;  part  of  the  magnesium  is  sometimes  replaced 
by  iron.  It  occurs  principally  massive,  granular^  foliated, 
fibrous,  and  often  in  pseudomorphous  crystals  (after  chryso- 
lite and  some  other  forms),  but  never  in  crystals  of  its  own, 
Color^  oil-green  to  yellow,  brownish-red,  red,  black;  streaky 
white;  translucent  to  opaque;  lusiir,  silky,  resinous,  waxy, 
or  greasy;  tenaa'tj^  brittle  to  tough;  cleavage,  nont i  /rac* 
iure,  conchoidal;  H  —  2.5  to  4;  G  —  2.5  to  2.65. 

Tests  f^r  Identifieation, —  B.  B.  fuses  with  difficulty  on 
thin  edges.  It  yields  water  in  a  closed  tube;  moistened 
with  cobalt-nitrate  solution  and  ignited,  it  becomes  pink. 
It  is  decomposed  by  hydrochloric  acid,  leaving  a  residue. 

Varieties. — Prea'ms  serpentine,  translucent  masses  of  a 
deep  oil-green  color;  chrysolite,  or  serpentine  asbestos^  is 
very  finely  fibrous,  soft,  and  silky,  and  resembles  amphibole 
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^st>estos;  verd-aniigue  is  a  limestone  or  marble  containing 
^^rpentine,  which  gives  it  a  green  clouded  effect,  much  used 
*Or  ornamental  purposes. 

131,  Talc  is  a  hydrous  silicate  of  magnesium,  Mg^Si^O^^^ 
-^y^O.  It  crystallines  rarely  in  the  orthorhombic  system  in 
^^"ight  rhombic  hexagonal  crystals,  and  occurs  usually  foli* 
^ted,  massivej  or  fibrous.  Color^  green,  gray,  white,  brown, 
^::>r  red;  streaky  white;  translucent;  iustcr,  pearly  waxy  to 
^3uUj  tenaciij^  sectile  and  inelastic;  cleavage,  basal,  perfect, 
^rrlcaves  into  non-elastic  plates;  feti^  greasy;  //  =  1  to  1*6; 
C7=  2.55  to  2.87. 

Tests  for  Identification. — B,  Bl  fuses  on  thin  edges  to  a 
^^rhite  enamel.  It  yields  a  little  water  in  a  closed  tube; 
moistened  with  cobalt  nitrate  and  ignited,  it  becomes  pale 
^tnk.     It  is  insoluble  in  acids. 

Varieties. — Foiiateti  talc  is  white  to  greenish- white  and 
^leavable  into  non -elastic  plates ;  soaps  tone  or  steatite  is  white, 
^ray  to  green,  massive,  and  granular;  H  —  1.5  to  2,5,  used 
<or  wash  tubs,  etc, ;  French  chalk,  soft  compact  masses  that 
^ill  mark  on  cloth;  agalitc,  fibrous  masses;  /j^  =:  3  to  4, 
ijsed  as  a  filler  for  paper;  rensselaerite,  compact  wax^like 
tnasses;  ^  =  3  to  4,  pseudomorphous  after  pyroxene. 

132i  Kaollnlte,  or  kaolin,  a  pure  form  of  clay,  is  a 
hydrated  silicate  of  aluminum,  Al^Si^O^,%H^O.  Alumina, 
uii^O^t  S9.7  per  cent,;  silica,  StO^,  46.4  per  cent.;  water, 
13*9  per  cent,;  it  usually  contains  more  or  less  iron  and 
c^rganic  matter.  It  crystallizes  in  the  orthorhombic  system 
in  thin  microscopic  crystals,  and  occurs  massive  or  clay  like, 
either  compact,  friable,  or  mealy.  Color,  white,  gray,  yel- 
low, red,  brown,  or  blue;  streaky  white  or  yellowish;  luster, 
dull  or  pearly;  opaque  or  translucent;  tenacity^  plastic  or 
earthy;  //  =  2  to  :2.5;   G  =  tSi  to  2,63. 

Pure  kaolin  is  used  for  making  porcelain  and  chinaware. 

Tests  for  Identification. — B,  B,  infusible.  It  yields  water 
in  a  closed  tube;  treated  with  cobalt-nitrate  solution  and 
ignited,  it  becomes  deep  blue.  It  is  decomposed  by  sul- 
phuric acid,  but  is  insoluble  in  nitric  and  hydrochloric  acids. 
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SHATTER   MIKTCRALS 
133.    NatlTe  silver  occurs  usually  alloyed  with  cop 

^old^  platinum,  mercury,  antimony 
or   bismuth.     It  crystallizes   in  th< 
isometric  system  in  octahedrons  am 
other    forms,   and   occurs    often   u 
much  elongated  crystals  of  wire  oi 
thread-like  form.  Fig.   36;  it  is  al; 
arborescent  and  laminated.     Color ^ 
silver-white,  bitt  tarnishes  brown  o 
nearfy   black;    streaky    silver-white- 
opaque;    luster,    metallic;   tenacity^ 
malleable;  cleavage^  none;  //  —  %.b  to  3;  G  =  10,1  to  11.1. 
Tt'Stsfor  Idi^ntijication, — B.  B*  on  charcoal  fuses  to  white 
metallic  globule  that  *Vspurts/*  or  throws  out  fine  filaments 
of  the  metal  when  it  solidifies.     It  dissolves  in  nitric  acid, 
from  whose  solution  hydrochloric  acid  or  a  soluble  chloride 
precipitates    white   curdy    silver  chloride,    which  becomes 
dark  on  exposure  to  light. 

134»  Argeiitlte,  or  silver  g:lanee>  is  silver  sulphide, 
Ag^S.  Silver,  87.1  per  cent.;  sulphur,  12.9  per  cent.  It 
crystallizes  in  the  isometric  system,  commonly  in  cubes  or 
octahedrons.  C^ior,  lead-gray,  blackish  gray  to  black; 
j/rraj^, lead-gray,  shining;  opaque;  luster^  metallic;  tenadi/^ 
malleable  and  very  sectile;  //  =  2  to  2.5;  G  =  7.2  to  7-36. 

Argentite  is  an  ore  of  silver. 

Tests  for  IdmtiJicatwH. — B.  B.  on  charcoal  swells  and 
fuses  easily,  (1.5)^  giving  an  odor  of  burning  sulphur  and  a 
globule  of  metallic  silver.  It  reacts  for  sul- 
phur in  the  open  tube,  and  on  silver  after 
fusing  with  soda. 


135.  Pyi-arg^'^t©*  or  i-uby  silver,  is  sil- 
ver sulphantimonite,  Ag^SbS^,  Silver,  59.9  per 
cent. ;   antimony,  22. 3   per  cent. ;    sulphur,  Fig-  *? 

17.8  per  cent. ;  it  often  contains  small  amounts  of  arsentc. 
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It  crystallizes  in  the  hexagonal  system  in  prisms  with  rhom- 
bohedral  or  scaleauhedral  terminations,  Fig.  37,  and  occurs 
usually  massive,  disseminated,  or  in  thin  films.  Color ^  black 
or  nearly  so,  but  deep  red  by  transmitted  light;  streak,  pur- 
plish-red; translucent  to  opaque  ;///^/fr,  metalHc,  adamantine 
to  dnWi  tenacity^  brittle;  c/eava^r^  imp^Tiect; fracture ^  con- 
choidal;  N  =  2.5;  C  =  5.77  to  5.86. 

Pyrargyrite  is  an  important  ore  of  silver, 

7fsts  far  Idcnfificatimi, — B,  B.  fuses  easily  (1),  spurts, 
and  evolves  dense  white  fumes.  It  forms  an  antimony  coat 
on  coal,  and  a  silver  button  with  soda  on  coal.  In  a  closed 
tube,  it  forms  a  sublimate  black  while  hot,  and  red 
when  cold;  a  white  sublimate  is  formed  in  an  open  tube.  It 
is  soluble  in  nitric  acid,  with  separation  of  sulphur  and 
antimony  trioxide. 

136.  8teplianlte,  or  brittle  silver  ore,  Ag^SbS^,  may 

1)6  considered  as  a  mixture  of  silver  sulphide  and  antimony 
'isulphide.  Silver,  68.5  per  cent. ;  antimony,  16.2  per  cent. ; 
and  sulphur,  16.3  percent.  It  crystallizes  in  the  ortho- 
rhombic  system,  sometimes  in  short,  six-sided  prismatic 
crystals,  and  occurs  usually  massive,  fine-grained,  and  often 
disseminated  through  the  gangue.  Cdor^  iron  black ;  streaky 
iron  black;  opaque;  /wj/rr;  metallic;  tenacity ^\^r\XXX^\  cieav- 
age,  imperfect;  //  =  2  to  2.5;  G  =  6.2  to  6.3. 

Tests  for  Idefitifcatiou. — ^B.  B.  on  charcoal  fuses  easily, 
(1)  giving  an  odor  of  burning  stilphur  with  dense  white 
fumes  and  antimony  coat.  It  is  soluble  in  nitric  acid,  leav* 
ing  residue  of  sulphur  and  antimony  trioxide. 

137.  Ceniruryrite^  or  honi  silyer^  is  silver  chloride, 
AgCi^  Silver,  75.3  per  cent. ;  chlorine,  24.7.  It  crystallizes 
rarely  in  the  isometric  system  in  cubes,  and  occurs  usually 
massive  or  incrusting,  rarely  columnar.  It  has  the  consis- 
tency of  horn  or  wax.  Color ^  fiearl-gray  to  greenish,  but  on 
exposure  to  light  beLumcs  violet-brown  or  black;  streaky 
ihxning  white ;  translucent  to  nearly  opaque ;  hister,  resinous 
or  waxy;  tenacity,  waxy  and  very  sectile;  ekavage^  none; 
/f  =  1  to  1.5;  G  -h  to  5.5* 
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Cerargyrite  is  an  important  ore  of  silver. 

Tests  for  hienttjicatwn. — B.  B.  fuses  easily  (1),  yielding 
metallic  globule.      It  reacts  for  chlorine  with  copper  oxide 
and  S.  Ph,     Moistened  and  rubbed  on  the  surface  of  ir<-»^ 
or  zinc,  it  swells,  blackens,  and  silvers  the  surface.      Fu&^^d 
in   closed  tube  with    potassium *acid  sulphate,  it   yields       a 
globule  that  is  yellow  while  hot,  white  when  cold,  and  ma^^e 
violet  or  gray  by  sunlight.     It  is   insoluble  in  acids,  b^^t 
soluble  in  ammonia. 

138.     Bromyrlte,  or  broniarg^Tlte»  is  silver  bromid- 
AgBr,     Silver,  57,4  per  cent.;  bromine,  42.6  per  cent.     I 
crystallizes  rarely    in    the    isometric   system,    and    occui 
usually  in  small  concretions  along  with  cerargyrite.     Coic 
brass-yellow  to  greenish;  sirrak,  yellow  to  greenish;  trans-"* 
parent    to    translucent;    luster^    resinous    to    adamantine; 
tenactty^  waxy  and  sectile ;  fracture^  uneven  j  //  ^  ^  to  3  * 
G  -  5  8  to  6. 

7Vj/x  for  Identificatwn. — B.  B.  on  charcoal,  same  as  for 
cerargyrite.  Fused  with  potassium  acid  sulphate,  it  evolves 
bromine  vapor  that  colors  the  fluid  yellow,  while  the  fused 
bromyrite  sinks  as  a  dark-red  transparent  globule  that 
becomes  opaque  and  deep  yellow  on  cooling,  and  dark  green 
when  exposed  to  the  light. 

13ft-  Embollte  is  silver  chlorbromide,  Ag{C!^Br'\.  It 
crystallizes  in  the  isometric  system,  and  occurs  usually  mas- 
sive or  compact.  Coior^  green  to  yellow;  streaky  greenish 
or  yellowish;  transparent  to  translucent;  luster^  resinous; 
tenacii)\  waxy  or  sectile; /r^/«r^,  uneven;  //  =  1  to  1.6; 
G  =  5.31  to  5.81. 

Ifsls  for  Idtniification. — B.  B.  fuses  and  gives  globule  of 
silver.  Fused  with  potassium-acid  sulphate,  it  behaves  like 
cerargyrite  or  bromyrite,  according  as  the  proportion  of 
bromine  is  small  or  large. 

140.  lodyrlt^  is  silver  iodide^  AgL  Silver,  46  per  cent. ; 
iodine,  54  per  cent.  It  crystallizes  in  the  hexagonal  system, 
and  occurs  also  massive  and  lamellar  in  th in^  flexible  scales. 
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Cohr^  gray,  yellow  to  green  or  brown ;  streaky  yellow ;  trans- 
lucent; luster^  resinous^  wax  like  to  aclaiiiantine;  tenacity^ 
sectile  and  flexible;  cleavage,  basal,  perfect,  fi  —  l\  G 
=  5J5  to  5.7. 

Tests  f&r  IdmfificatiafL — B.  B.  fuses  easily,  spreads  out, 
and  gives  globule  of  silver.  With  copper  oxtde  and  S,  ?h,, 
it  colors  the  flame  green.  Fused  with  potassium  acid  sul- 
phate in  a  closed  tube,  it  yields  violet  iodine  vapor  and  deep- 
red  globule  that  becomes  yellow  when  cold  and  does  not 
change  in  sunlight. 
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SODItTM  MEICERALS 
141.  Halite,  or  rock  salt,  is  sodium  chloride,  NaCL 
Sodium,  »}0.G  per  cent.;  chlorine,  39.4  per  cent.;  it  usually 
Contains  some  calcium  or  magnesium  chloride.  It  crystal- 
lizes in  the  isometric  system  in  cubes,  Fig.  38  {tt),  often 
'With  concave  faces,  Fig,  38  {b)  and  (r),  and  in  related  forms; 
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tt  occurs  also  compact,  granular,  and  fibrous,  and  is  often 
found  in  very  large  deposits.  Color ^  white,  colorless, 
^rellow,  brown,  deep  blue;  streak,  white;  transparent  to 
translucent;  luster,  vitreous;  tenacity^  brittle;  cleavage, 
cubic,  perfect;  ^as/t,  salt;  when  exposed  to  the  air,  it  may 
absorb  moisture;  //  ^  %b\  G  ==  ^.4  to  %,%. 

Halite  is  the  source  of  all  the  salt  of  commerce,  and  of 
sodium  and  most  of  the  sodium  compounds. 

Tests  far  Identification. — B.  B,  decrepitates  violently  and 
fuses  easily,  coloring  fiame  intensely  yellow.  It  reacts  for 
chlorine  with  copper  oxide  and  S.  Ph.  It  is  easily  soluble 
in  hot  or  cold  water,  from  which  solution  silver-nitrate 
solution  precipitates  white,  curdy,  silver  chloride,  which 
becomes  dark  when  exposed  to  the  light. 
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142.    Soda  niter,   CMle    saltpeter,   or  nitratlne,   is 

sodium  nitrate,  NaNO^.  Sodium  oxide,  Nafi^  36.5  per 
cent.;  nitrogen  pentoxide,  N^O^,  63.5  per  cent.  It  crystal- 
lizes rarely  in  the  hexagonal  system  in  rhombohedral 
crystals,  and  occurs  usually  in  large  beds,  also  in  granular 
masses,  crusts,  and  as  an  efflorescence.  Color ^  white,  yel- 
lowish, brownish,  or  colorless;  streak,  white,  transparent; 
luster,  vitreous;  tenacity,  brittle;  absorbs  water  from  the 
air;  //  =  1.5  to  2;  G  =  2.24  to  2.29. 

Soda  niter  is  used  in  the  manufacture  of  potassium  niter, 
nitric  acid,  and  fertilizers. 

Tests  for  Identification. — B.  B.  on  charcoal  deflagrates 
less  violently  than  potash  niter  and  fuses.  It  colors  the 
flame  yellow. 


^^ 
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STRONTIUM   MINERAI-S 

143.  Celestlte  is  strontium   sulphate,  SrSO^,     Stron-. 
tium   oxide,    SrO,    56.4   per   cent.;  sulphur   trioxide,  5(9„ 

43. 6  per  cent.  It  crystal- 
lizes in  the  orthorhombic 
system  in  tabular  or  pris- 
matic crystals,  Fig.  39, 
and  occurs  also  in  fibrous 
and   cleavable  masses, 

rarely  granular.     Color,  white,  colorless,  bluish,  or  reddish; 

streak,   white;  transparent   to   opaque;  luster,  vitreous  or 

pearly;    tenacity,    brittle;    cleavage,    basal    and    prismatic, 

perfect;  //  =  3  to  3.5;  G  —  3.95  to  4. 

Celestite  is  used  for  the  manufacture  of  strontium  nitrate. 
Tests  for  Identification. — B.  B.  decrepitates  and  fuses  at 

(3)  to  a  white  pearly  glass  coloring  flame  crimson.     Alkaline 

reaction  after  fusion,  and  a  sulphur  reaction  on  silver  after 

fusion  with  soda  on  charcoal. 

144.  Stpontianlte  is  strontium  carbonate,  SrCO^, 
Strontium  oxide,  SrO,  70.1  per  cent.;  carbon  dioxide,  CO^, 
29.9  per  cent.     It  crystallizes  in  the  orthorhombic  system 
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in  imperfect  radiating  needles  and  spear-shaped  crystals, 
and  occurs  also  fibrous,  globular,  and  massive.  Color^ 
white,  gray,  yellowish  to  green,  colorless;  streak,  white; 
transparent  to  opaque;  luster,  vitreous;  tenacity,  brittle; 
cleavage^  prismatic,  perfect;  ^  =  3  to  4;  G^  =  3.G8  to  3.72. 

Strontianite  is  the  principal  source  of  strontium  salts.  It 
is  also  converted  to  the  hydroxide  and  used  in  the  precipita- 
tion of  sugar  from  molasses. 

Tests  for  Identification. — B.  B.  swells,  sprouts,  and  fuses 
on  thin  edges,  coloring  the  flame  crimson.  It  dissolves,  with 
effervescence,  in  cold  dilute  acids. 


SUIiPHUR   MINBRATjg 

145.  Native  sulphur,  or  brimstone,  is  nearly  pure 
sulphur,  but  it  may  contain  traces  of  arsenic,  selenium,  and 
tellurium.  It  is  often  mixed 
with  clay  or  bitumen.  It 
crystallizes  in  the  orthorhom- 
bic  system  in  acute  octahe- 
drons and  other  forms. 
Fig.  40,  and  occurs  also  mas- 
sive, stalactitic,  in  crusts,  as  a 
powder,  etc.  Color,  yellow, 
orange-yellow  (when  selenium 
is  present),  brown,  or  gray ;  ^°  ^ 

streaky  pale  yellow  to  white;  transparent  to  translucent; 
luster,  resinous;  tenacity,  brittle;  cleavage,  imperfect; 
H  =  1.5  to  2.5;  G  =  2.05  to  2.09. 

Sulphur  is  used  for  the  manufacture  of  sulphuric  acid, 
gunpowder,  for  bleaching,  in  medicines,  and  for  many  other 
purposes. 

Tests  for  Identification. — B.  B.  melts  easily  and  burns 
with  a  blue  flame  giving  strong  <A<iX  of  sulphur  dioxide.  \ii 
a  closed  tube,  it  melts  and  yields  fusible  sublimate,  which  is 
brown  while  hot  and  yellow  when  cold.  It  blackens  silver, 
and  is  insoluble  in  acids. 


I' 
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TEIiliURIUM   MTNTBRAIiS 

146.  Native  tellurium  usually  contains  some  sulphur, 
selenium,  gold,  silver,  or  iron.  It  crystallizes  in  the  hexag- 
onal system  in  minute  six-sided  prisms,  and  occurs  usually 
fine-grained  massive.  Color ^  tin-white;  streaky  tin-white; 
opaque;  luster^  metallic;  tenacity^  somewhat  brittle;  cleav- 
age, perfect  prismatic;  //  =  2  to  2.5;  (7  =  6.1  to  6.3. 

Tests  for  Identification, — B.  B.  on  charcoal  fuses  easily 
and  volatilizes,  coloring  the  fiame  green  and  coating  the  coal 
white.  If  the  coat  is  removed  to  a  porcelain  dish  and  moist- 
ened, it  yields  a  white  sublimate  that  may  be  fused  to  color- 
less transparent  drops.     It  is  soluble  in  hydrochloric  acid. 

For  other  tellurium  minerals,  see  Arts.  60  and  61, 


TIN  MINBRAIiS 

147.  Native  tlu  has  been  found,  but  it  is  of  no  practical 
importance. 

148.  Stannite,  or  tin  pyrites,  is  a  sulphide  of  tin  con- 
taining copper  and  iron,  {Sn.Cu.Fe)Sy  there  being  about 
27  per  cent,  of  tin.  It  occurs  massive,  granular,  and  in 
disseminated  grains,  and  is  often  intermixed  with  chal- 
copyrite.  Color,  steel-gray  to  iron-black;  streak,  black; 
opaque;  luster,  metallic,  bluish  tarnish;  tenacity,  brittle; 
cleavage,  cubic,  indistinct;  //  =  4;  G^  =  4.5  to  4.52. 

Tests  for  Identification. — B.  B.  fuses  in  R.  F. ;  in  O.  F.  it 
gives  an  odor  of  burning  sulphur  and  becomes  coated  with 
white  oxide  of  tin,  which,  when  moistened  with  cobalt- 
nitrate  solution  and  ignited,  becomes  bluish-green.  It  gives 
a  sulphur  reaction  on  silver  after  it  has  been  fused  with  soda. 
It  is  soluble  in  nitric  acid,  forming  a  green  solution  with 
separation  of  sulphur  and  oxide  of  tin. 

149.  Casslterlte,  or  tin  stone,  is  tin  dioxide,  SnO^, 
Tin,   78.6  per  cent.;    oxygen,   21.4  per  cent.;    it  usually 
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contains  some  iron,  and  sometimes  tantalum,  arsenic,  man- 
ganese, and  silica.  It  crystallizes  In  the  tetragonal  system, 
in  forms  shown  in  Fi^.  41  {a)  and  (If),  and  twinned,  as  in(r); 
it  occurs  also  massive,  granular,  botryoidal,  etc.     It  is  a 


.^ 


PlO.  41 


W 


I  hard  and  heavy  mineral,  C&l&r,  brown  to  black,  sometimes 
I  K^^Yf  yellow,  or  red;  streaky  white  to  light  brown;  translu- 
I  cent  to  opaque;  iustir,  adamantine  to  dull-  iepuuity,  brittle- 
I  cieavagi\  prismatic  and  pyramidal,  indistinct 
Cassiterite  is  the  source  of  all  the  tin  used. 
Ttsts/or  Identification. — B.  B  infusible,  but  the  powdered 
mineral  becomes  yellow  and  luminous.  The  powder  or  sub- 
limate moistened  with  cobalt-nitrate  solution  and  ignited 
becomes  dirty  bluish-green.  It  may  be  reduced  to  a  metallic 
buy:on  with  soda  un  charcoal,  and  gives  a  faint,  white  subli^ 
mate  near  the  assay.  It  is  insoluble  in  acids  and  beads,  but 
usually  reacts  for  iron  or  manganese  in  the  latter. 

Varieties.  —  7"///  stone,  crystals,  and  granular  masses; 
stream  tin^  a  gravel-like  ore  found  in  alluvial  deposits;  wood 
tin,  botryoidal  or  reniform  shapes  having  a  concentric  and 
radiated  structure. 


150.  Rntlle  is  titanium  dioxide^  TiO^,  Titanium, 
61  per  cent. ;  oxygen,  39  per  cent, ;  it  sometimes  contains 
iron  and  has  a  nearly  black  color  (Nigrine).  It  crystallizes 
in  the  tetragonal  system  in  prisms  of  four,  eight  or  more 
sides,    which    are   often    twinned,    as   shown    in    Fig.    42; 
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crystals  are   often   found   penetrating   other  minerals.     1*"=^ 
occurs  occasionally  massive  when  iron  bearing.     Color^  red-«^ 

reddish-brown    to    black;     streak ^^ 
^/^'^^X  ^/<K     white  or  pale   brown;   transparent — : 

\^       il        ^.y^    to   opaque;   luster,   adamantine   tc:^ 
nearly   metallic;    tenacity,    brittle^ 
cleavage,  prismatic  and  pyramidal^ 
Sq-n-^     ^^^    distinct;  H  =  6  to  6.5;  G  =  4.1^- 
^"'^  to  4.26. 

Rutile   is   sometimes   cut   and- 
It   is   also   used   for  coloring   porcelain. 


PIO.  42 


used   as  a  gem. 
yellow. 

Tests  for    Identification, — B.  B.  infusible.      In    S.  Ph.^ 
the   bead   dissolves   very   slowly;  in   the   O.   F.,  to  a  yel- 
low  bead   that   becomes   violet   in   R.  F.     It   is   insoluble;: 
in  acids. 


151.  Octahedrlte,  or  anatase,  is  titanium  dioxide, 
TiO^.  It  crystallizes  also  in  the  tetragonal  system  in  small, 
slender  octahedrons,  Fig.  43  (a), 
or  tabular  crystals,  Fig.  43  ifi). 
Color,  brown,  blue,  black,  yellow- 
ish, rarely  grass-green;  streak, 
white;  transparent  to  opaque; 
luster^  metallic  or  adamantine; 
tenacity,  brittle;  cleavage,  pyram- 
idal and  basal;  //  =•  5.5  to  6;  G 
=  3.82  to  3.95. 

7\'sts  for  Identification. — B.  B. 
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The  same  as  for  rutile, 


from  which  it  is  distinguished  by  its  crystal  form. 


152.  Bpooklte  is  also  titanium  dioxide,  TiO^,  It 
crystallizes  in  the  orthorhombic  system  in  thin,  flat 
crystals  of  varied  habit.  Color,  brown,  yellow,  or  black; 
streak,  white  or  yellow;  translucent  to  opaque;  luster, 
submetallic  to  adamantine;  tenacity,  brittle;  cleavage, 
basal  and  prismatic,  indistinct;  //=  5.5  to  6;  G^  =  3.87 
to  4.01. 
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Tests  for  Identification. — B.  B.  The  same  as  for  rutil? 
armj  octahedrite,  from  which  it  is  distinguished  by  its  dif- 
ferent crystallization. 


Tin^GSTEX   MOTEIiAXS 

153,  Wolft^mlte  is  a  tungstate  of  iron  and  manganese, 
i^Fe.Mn)iVO^,  oi  which  about  76.5  per  cent,  is  tungsten  tri- 
oxide,  WO^,  It  crysLalUzes  in  the  monoclintc  system,  and 
occurs  also  granular  or  columnar  massive.  Color ^  dark  gray 
to  black;  streak,  deep  brown  to  black;  opaque;  iuster,  sub- 
metallic;  tenacity^  brittle;  cleatfagi\  prismatic^  perfect;  H 
=^  5  to  5,5;  6  =  7,1  to  7.55. 

Wolframite  is  used  in  the  maaufacture  of  tungsten  steel, 
tungsten  salts,  tungstic  acid  and  sodium  tungstate,  which 
are  used  in  dyeing  and  for  rendering  cotton  incombustible, 

Ti's/s  for  IdentiJiiatioiL — B,  B,  fuses  easily  (2.5  to  3)  to 
a  magnetic  crystalline  globule.  It  yields  a  reddish-yellow 
glass  with  S.  Ph.,  which  becomes  green  in  R,  F. ;  if  this  bead 
is  pulverized  and  dissolved  with  tin  in  hydrochloric  acid,  it 
gives  a  blue  solution.     It  reacts  for  manganese. 

154,  Scheellte  is  calcium  tungstate,  CalVO^,  Calcium 
oxide,  CaO,  19.4  per  cent. ;  tungsten  trioxide.  JF(9„  80,6  per 
cent-  ;  it  sometimes  contains  molybdenum.  It  crystallizes 
iii  the  tetragonal  system  in  octahedral  crystals,  and  occurs 
also  massive  and  as  drusy  crusts  of  yellow  or  brown  crystals. 
Coior^  white,  gray  to  pale  yellow,  green,  or  brown;  streaky 
white;  transparent  to  opaque;  ///j/rr,  vitreous  to  adaman- 
tine,- tenacity,  brittle;  cleavage^  indistinct;  //=  4.5  to  5; 
<7=  5,4  to  6.1. 

Scheelite  is  a  source  of  tungsten  and  tungsten  compounds. 

Tests  for  Identification. — B.  B.  fuses  with  difficulty  (5)  on 
thin  edges.  A  clear  bead  is  formed  with  S.  Ph.,  which 
becomes  blue  in  R,  F, ;  when  the  bead  is  powdered  and  dis- 
solved, with  tin,  in  dilute  hydrochloric  acid,  it  yields  a  deep 
blue  solution,  Scheelite  is  soluble  in  hydrochloric  and  nitric 
acids,  leaving  a  yellow  residue. 
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ZINC   MINERAIiS 

155.    Sphalerite,  blende,  rosin  Jack,  or  black  Jacl 

is  zinc  sulphide,  ZnS.  Zinc,  67  per  cent. ;  sulphur,  33 
cent. ;  it  often  contains  cadmium,  manganese,  and  iron.  I' 
crystallizes  in  the  isometric  system  in  octahedrons,  dodeca^ 
hedrons,  and  other  allied  forms  and  combinations,  Fig.  44- 


FIO.  44 

and  occurs  usually  in  cleavable  masses  and  in  compact -fine- — 
grained  masses,  or  alternate  concentric  layers  with  galenite. 
Color ^  yellow  to  brown  (rosin  jack),  and  black  (black  jack), 
rarely   green,  red,  or  white;   streak,  white;  transparent  tc^- 
nearly  opaque;   luster^  resinous;  tenacity,  brittle;  cleavage, 
dodecahedral,  perfect;  H  =  3.5  to  4;  G  =  3.9  to  4.2. 

Sphalerite  is  an  important  ore  of  zinc  and  the  principal 
source  of  cadmium. 

Tests  for  Identification, — B.  B.  on  charcoal  fuses  with 
great  difficulty,  giving  an  odor  of  burning  sulphur,  and  a 
zinc  coat  which  is  yellow  while  hot  and  white  when  cold, 
but  which  is  brown  if  cadmium  is  present.  It  reacts  for 
sulphur  on  silver  after  fusing  with  soda.  It  is  soluble  in 
hydrochloric  acid  with  effervescence  of  hydrogen  sulphide. 

156.  Zinclte,  or  red-zinc  ore,  is  zinc  oxide,  ZnO, 
Zinc,  80.3  per  cent. ;  oxygen,  19.7  per  cent. ;  it  usually  con- 
tains some  manganese  and  iron,  and  sometimes  cadmium. 
It  crystallizes  rarely  in  the  hexagonal  system  in  hexagonal 
pyramids,  and  occurs  usually  in  foliated  masses  or  in  dis- 
seminated grains  in  calcite  or  with  franklinite  or  willemite. 
Color,  deep  red  to  orange-red ;  streak,  orange-yellow;  trans- 
lucent; luster,  subadamantine;  tenacity,  brittle;  cleavage, 
basal  and  prismatic;  //  =  4  to  4.6;  G  =-  6.4  to  6.7. 


§ 
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^incite  is  an  ore  of  zinc. 

^ests  for  Identification, — B.  B.  on  charcoal  infusible,  but 
^^^cts  for  zinc;  the  coat  may  show  cadmium.  In  a  closed 
^,j>.l3e,  it  blackens  but  becomes  red  on  cooling,  and  often 
j-^.^cts  for  manganese  in  borax  bead  and  when  fused  with 
^C^<3i2i  and  niter.     It  is  soluble  in  hydrochloric  acid. 

167.  Smlthsonite,  or  dry  bone,  sometimes  erroneously 
c^^lled  calamine,  is  zinc  carbonate,  ZnCO^.  Zinc  oxide, 
ZnO^  64.8  per  cent.;  carbon  dioxide,  C(9„  35.2  per  cent.; 
it  often  contains  some  cadmium.  It  crystallizes  in  the  hexag- 
onal system,  usually  in  small  rhombohedrons,  and  occurs 
usually  compact,  stalactitic,  botryoidal  to  earthy.  Color^ 
white,  gray  to  yellow,  green,  blue,  brown,  etc. ;  streak,  white; 
translucent  to  opaque;  luster,  vitreous-  to  dull;  tenacity, 
brittle;  cleavage,  rhombohedral,  perfect*  H  =  b',  G  =  4.3 
to  4.5. 

Smithsonite  is  a  valuable  zinc  ore. 

Tresis  for  Identification, — B.  B.  infusible,  but  gives  zinc 
coa.t  on  coal  in  R.  F. ;  this  coat  often  shows  the  presence 
of  cadmium.     It  is  soluble  in  acids,  with  effervescence. 

1£(8.     Wlllemlte  is  zinc  silicate,  ZnJSiO^.     Zinc  oxide, 
ZrgO,  72.9    per  cent.;  silica,  SiO^,  27.1  per  cent.;  it  often 
contains  much  manganese, which  replaces  the  zinc.     It  crys- 
tallizes in  the  hexagonal  system  in  long,  slender,  hexagonal 
prisms,  and  occurs  usually  granular  or  massive.    Color,  sul- 
pliur-yellow,  greenish-yellow  to  apple-green  when  pure,  but 
is    often    flesh-red  to    brown    from    manganese    and    iron; 
streak,  nearly  white;  transparent  to  opaque;  luster,  resinous; 
tertezcity,    brittle;  cleavage,  basal   and  prismatic,  imperfect; 
//  =  5.5;  (?  =  3.89  to  4.2. 

Willemite   is   a   valuable   ore  of   zinc  at  Franklin,    New 
]ersey,  but  has  not  been  found  extensively  elsewhere. 

Tests  for  Identification. — B.  B.  fuses  in  thin  splinters  on 
the  edges  to  a  white  enamel;  on  charcoal,  with  soda  and 
borax,  it  gives  a  zinc  coat.  It  is  soluble  in  hydrochloric 
acid,  leaving  a  gelatinous  residue. 
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159.  Calamine,  or  electric  calamine,  is  a  hydrous 
silicate  of  zinc,  Zn^SiO^.H^O,     Zinc  oxide,  ZnO,  67.6  per 

cent. ;  silicon  dioxide,  SiO^, 
25  per  cent. ;  water,  7.5  per  cent. 
It  crystallizes  in  the  orthorhom- 
bic  system,  usually  in  tabular 
rhombic  prisms,  Fig.  45  (a)^  and 
occurs  also  massive,  granular, 
botryoidal,  and  stalactitic,  some- 
^'°  ^  times    with  a    drusy   surface. 

Fig.  45  {b),  or  radiated  groups  of  crystals.  Color^  white, 
colorless,  yellow  to  brown — it  is  rarely  blue  or  green;  streaky 
white;  transparent  to  opaque;  luster^  vitreous  to  pearly; 
tenacity,  brittle;   cleavage^  prismatic,  perfect. 

Calamine  is  an  important  ore  of  zinc  and  is  usually  free 
from  volatile  impurities. 

Tests  for  Identification, — B.  B.  fuses  only  thin  splinters  (6) ; 
with  soda  and  borax,  on  charcoal,  it  gives  a  zinc  coat.  It 
yields  water  in  a  closed  tube,  and  is  decomposed  by  acids, 
leaving  a  gelatinous  residue. 

16().  Frankllnite  is  an  oxide  containing  zinc  and  man- 
ganese, {Fe.Mn.Zn)^0^ ;  it  is  worked  for  zinc  oxide.  See  Art. 
GG. 

RARE    MIXERAIiS 


CiESIUM  MINERAI^S 

161.  Ceesium  occurs  in  two  rare  minerals,  castorite 
and  polhicite  found  on  the  island  of  Elba. 

Pollucite,  the  chief  source  of  caesium,  contains  about 
34  per  cent,  of  this  element.  It  occurs  massive  and  is 
colorless  and  transparent.  It  has  a  bright  vitreous  luster 
on  a  fractured  surface,  but  may  be  dull  externally. 

Tests  for  Identification. — B.  B.  in  forceps  whitens  and 
fuses  with  difficulty,  coloring  the  flame  yellow.  In  a  closed 
tube  it  becomes  opaque  and  yields  water.  It  is  slowly 
decomposed  by  hydrochloric  acid,  leaving  residue  of  silica. 
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CERITM  GROn» 

162.     The  cerium  firroup  includes  the  elements  cerium^ 
thorium,  lanthanum,  gadolinium^  yttrium^  etc.     Their  most 
important   occurrence   is    in    the   mineral 
snonazlte,    which    contains    phosphates    of 
cerium,  lanthanum,  thorium,  and  didymium, 
and    often    small    amounts    of    erbium    and 
ytterbium.     Monazite     crystallizes     in     the 
monoclinic    system",    usually     in    small     flat 
crystals.    Fig.    46,    and    occurs    usually    as  pio.  4« 

brown  resinous  crystals  or  as  yellow  translucent  grains, 
disseminated  or  as  sand;  sometimes  it  is  in  angular  masses. 
The  oxides  of  the  constituent  rare  metals  are  used  in  the 
manufacture  of  mantles  for  incandescent  gas  lamps.  Color^ 
clove-brown,  reddish-brown  to  yellow ;  streaky  white ;  trans- 
lucent to  opaque;  luster ^  resinous;  tenacity ^  brittle;  cleav* 
age,  basal,  perfect;  //  =  5  to  5.5;  G^  =  4.9  to  5.3. 

Tests  for  Identification, — B.  B.  infusible  but  turns  gray. 
When  moistened  with  sulphuric  acid,  it  colors  the  flame 
green.  It  is  decomposed  by  hydrochloric  acid,  leaving  a 
white  residue. 


SEI^ENIUM    MINERALS 

163.  Claiisthalite  is  selenide  of  lead,  PbSe,  Lead, 
72.4  per  cent. ;  selenium,  27.6  per  cent. ;  it  sometimes  con- 
tains silver  and  cobalt.  It  crystallizes  in  the  isometric 
system,  and  occurs  usually  as  granular  masses,  rarely 
foliated.  It  resembles  galenite.  Color ,  bluish  lead-gray; 
streaky  grayish-black;  opaque;  luster,  metallic;  fracture^ 
granular;  H  =  %h  to  3;  6^  =  7.6  to  8.8. 

Tests  for  Identification. — B.  B.  on  charcoal  fuses  and 
yields  an  odor  like  decayed  horseradish,  and  a  white  coat 
on  coal  with  a  red  border;  finally  a  yellow  coat  forms.  It 
yields  a  red  sublimate  in  an  open  tube.  Fused  with  soda,  it 
gives  metallic  lead. 

154—14 
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164.    Berzellanlte  is  selenide  of  copper,  CuSe,     It  is 
silver-white  mineral  occurring  in  thin  dendritic  crusts.     It::^ 
streak  is  shining. 

Tests  for  Identification, — B.  B.  reacts  for  both  copper  an^c: 
selenium. 


TANTALUM  AND  COLUMBIUM  MINlSRAIiS 

165.  Tantalum    occurs   in   several   rare    minerals,    a^ 
tantalite,    which   is   a   tantalate   of    iron   and   manganese,^ 
{Fe,Mn)Ta^O^,     It  also  occurs  in  columbite,  the  CbO^  oE^ 
the  latter  being  replaced  to  a  greater  or  less  degree  by  TaO^, 

166.  Columbite  is  (Fe,Mn)Cbfi^  and  merges  into  tan- 
talite. Both  minerals  crystallize  in  the  orthorhombic  sys- 
tem, in  black  and  often  iridescent  prismatic  crystals;  also, 
more  rarely,  massive.  Color ^  black;  streaky  dark  red  to 
black;  opaque;  luster,  bright  submetallic;  tenacity^  brittle; 
cleavage,  in  two  directions  at  right  angles;  //  =  6; 
G  =  5.4  to  6.5. 

Tests  for  Identification.  —  B.  B.  infusible.  Fused  with, 
potassium  hydroxide  and  boiled  with  tin,  it  gives  a  deep- 
blue  solution.     It  is  insoluble  in  acids. 


GEOLOGY 

(PART  1) 


DESCRIPTIVE    GEOLOGY   AND 
PETROLOGY 


FORM  AND  STRUCTURE  OP  THE  EARTH 

JS..  Definition. — Geologry  is  the  study  of  the  physical 
l^ x^'Kory  of  the  earth.  In  form,  the  earth  is  a  sphere,  and  has 
3^  ^circumference  of  24,899  miles.  Its  equatorial  diameter  is 
•7-  ^  ^^26  miles,  or  about  26f  miles  greater  than  its  polar  diameter. 
1713^^8  diflEerence  in  diameter  is  calculated,  and  while  no  man 
^^^^^  reached  the  poles  it  is  believed  that  the  earth  is  slightly 
f^sL'^tened  at  those  places. 

The   earth   is   divided   by   geologists   into   two   spheres; 
^3^^X3iely,   the   lithosphere   and  the  centrospJure.     The   litbo- 
^^^>liere,  which  is  the  outer  sphere,  is  so  named  because  it 
is  cromposed  of  rocks,  the  study  of  which  is  the  especial  prov- 
iricrc  of  the  geologist.     Inside  the  lithosphere  is  the  centro- 
sX>liere,  which  comprises  the  interior  and  greater  part  of 
tlie  earth,  and  about  which  man  knows  nothing  and  can  only 
conjecture.     Outside  the  lithosphere  is  the  atmosphere,  which 
is  a  body  of  gases  composed  chiefly  of  air  and  having  a  pres- 
sure   of  about  14.7  pounds  per  square  inch  under  certain 
conditions  of  temperature  and  density. 

2.  Density  of  the  Earth. — The  average  specific  gravity 
of  tlie  earth  at  the  surface  is  about  2.7,  and  this  density  is 
assumed  to  follow  an  arithmetical  law  with  increasing  depth. 
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A  specific  gravity  equal  to  the  mean  density  would  be  fo^tiiDd 
at  one-fourth  the  radius  of  the  earth  from  the  surface;  tWs 
has  been  calculated  by  several  independent  methods  as  -S.6- 
The  central   density  of   the  earth   has   been  calculated       to 
be  14*9,  but  this  is  considered  by  scientists  as  uBrelial::^!^; 
the  mean  density  of  the  earth  has  led  many,  however*      t^ 
assume  that  the  earth  is  solid.     The  known  facts  in  the  c^^**e     ' 
are  the  density  of  the  earth  at  the  surface  and  the  density    I 
of  the  earth  as  a  whole;  calculated  figures  are  the  cenC^^^ 
density  and  the  distance  beneath  the  surface  that  the  m^-^^i 
density  is  found.  ^H 

3.  The  Earth's  Surface*— The  outer  portion  of  tJ^^- 
lithosphere,  or  the  earth's  surface,  is  composed  of  land  a*^^ 
water  in  the  proportion  of  about  eight-elevenths  water  ai:^  j 
three-elevenths  land,  the  water  of  course  lying  in  depressio*^*  , 
in  the  Hthosphere.  While  the  geologist  cannot  study  tt*  J 
rocks  beneath  the  present  waters  of  the  earth,  he  is  able  C^  ^ 
study  those  that  have  been  under  ancient  seas,  for  he  h^  "1 
abundant  proof  that  the  otiter  portion  of  the  lithosphere  wa^  ^ 
at  one  time  submerged.  It  has  taken  many  years  of  researc^j 
to  gather  enough  facts  to  formulate  the  present  seieace  o^  ^ 
geology,  and  while  there  is  still  very  much  to  leam»  yet  th^^^ 
knowledge  already  possessed,  and  the  speculations  foundec^' 
on  causes  still  In  operation,  give  the  student  a  fairly  clea^— 
insight  into  the  structure  of  the  lithosphere.  The  thickness 
or  depth  of  the  lithosphere  is  placed  by  some  at  25  miles ^ 
but  all  that  is  known  for  certain  is  the  depth  of  the  CalumeC  ' 
and  Hecia  shaft,  which  is  5,300  feet,  and  the  strata  that  ha 
been  exposed  at  the  surface,  or  a  total  of  about  10  mile 
The  lithosphere  may  have  an  indefinite  depth,  and  any  state- 
ment as  to  its  thickness  presupposes  a  solid  crust  and  a 
liquid  interior.  There  is  nothing  definite  knoivn  as  to  the 
conditions  of  the  earth's  interior,  the  lower  Umit  of  lithi 
sphere  being  merely  one  of  definition  based  on  many 
unproved  assumptions. 

4.  Temperature    of    the    Lithospliere,^ — The    earlh, 
some  scientists  have  assumed,  was  once  a  molten  mass, 
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w^tiic^  has  gfradoallsr  cooled,  and  in  cooling  contracted  so 

gg^    tc*  open  cracks  or  fissures,  and  otherwise  assist  in  causing 

ll%^  unevenness  observed  on  the  surface.     Mountains*  valleys, 

3j-^ci    the  depressions  that  contain  the  seas»  oceans,  and  lakes 

w-^^^  caused  in  part  by  upheavals  from  some  unknown  cause 

an^     in  part  by  subsidence  of  the  land  below  water  level. 

W^b^^ther  or  not  cooling  and  contraction  were  the  chief  agents 

|j-i    p>roducing  these  changes,  geologists  are  sure  from  various 

Qt>3^rvations  that  the  teinperature  of  the  earth  increases  with 

^^^j>th.     The  increase  is  variable*     At  Wheeiingi  West  Vir- 

«^i^iia,  where  a  drill  hole  reached  a  depth  of  4,462  feet,  the 

t^  rrr  perature  reached  111°  F*,  or  increased  about  1°  with 

^'V'^^"  ^^  i^^^  *^'  depth.     On  the  Rand  in  South  Africa,  a 

ij^ill  hole  5.000  feet  deep  showed  1°  rise  in  temperature  for 

gj^^e^ry  208  feet  of  depth.     According  to  Professor  Agassiz, 

^^^    increase  ia  temperature  at  the  Calumet  and  Hecla  mine 

|j^     Blichigan  is  1°  F.  for  every  233.7  feet  of  depth.     On  the 

C' penstock  lode  in  Nevada,  the  increase  is  about  1°  F*  in 

^-^^^Ty  33  feet.     At  the  Mapimi   mine  in  Durango^  Mexico, 

^j3^^    increase  is  about  1*^  F.  in  every  50  feet.     The  mines  on 

^fi^  Comstock  lode  are  wet,  while  the  Mapimi  mine  is  abso- 

l-dtely  dry  for  a  depth  of  1.900  feet.     An  average  increase 

^f     temperature  has  been  given  at  about  1°  F.  for  every 

eO     ^eet  in  depth,  although  probably    100  feet  is  a  closer 

approximatioo  to  the  general  average.       ^^ 
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5*  Recent  Investlf^ttons. — Several  geologists,  not- 
ably C-  R.  Van  Hise,  have  tried  to  harmonize  the  various 
geological  conditions  that  exist  and  are  known  with  those 
that  exist  and  are  unaccounted  for,  except  by  individual 
theorists.  The  treatment  of  the  subject  in  this  Section  is 
based  on  the  examinations  of  Van  Hise  and  others,  which 
in  the  main  conform  to  well-known  facts  in  other  scientific 
departments  and  may  consequently  be  applied  to  geology. 

It  is  a  known  fact  that  the  lithosphere  is  constantly  under 
pressure  due  to  the  secular  cooling  of  the  earth  or  other 
causes  of  crustal  shortening;  and  that  in  the  deeper  portions 
o!  the  earth,  considerable  pressure  is  eserted  by  the  weight 


GEOLOG 


lof  the  superincutnbent  rocks.     When  and  where  tbese  pres- 
sures are  great  enough,  the  rocks  of  the  lithosphere  yield  to 
pressure  and  become  deformed-     This  deformation  may  con- 
sist in  fracturing  the  rock  mass  or  inehangine  its  form  with- 
out conspicuously  fracturing  it — a  condition  knoiro  as  rmk 
f towage.     Fracturing  is  observed  in  rocks  that  are  deformed 
in  the  outer  portion  of  the  litho sphere,  and  evidence  of  rode. 
fiowage  is  observed  in  rocks  that  have  been  deeply  buried. 
For  this  reason  then.  Van  Hise  has  divided  the  Hlhosphere^ 
into  three  zones;  namely,  an  outer  zme  of  fracture;  an  intef^ — ^ 
mediate  2on€  of  irmture  and  fiowage;    and  a  lower  zapie  <^- 
fhwage*  

THE  THREE  ZONES 

6,     Detormliiliipr  Factors* — The  three  zones  are  nece 

sarily  very  indefinite,  for  it  is  apparent  that  whether  or  not 
f  rock  will  be  deformed  by  fracture  or  fiowage  depends  on 
Ivariety  of  factors  that  vary  greatly  from  place  to  place  an 
from  time  to  time.  Among  these  factors  are  pressure^  thi 
nature  of  the  rock;  the  chemical  and  physical  condition^ 
under  which  the  deformation  occurs;  and  the  length  of  tim 
available  for  deformation.  If  a  rock  is  put  under  sufficient —  j 
j^pressure  at  the  surface,  it  will  ordinarily  break  along  inter- — — ^ 
lecting  planes  inclined  approximately  at  45°  to  the  greatesc::^^-^--^ 
pressure.  If  deeply  buried  and  subjected  to  stresses  in  al*^  n 
directions,  with  even  the  least  of  these  stresses  more  that»  ^ 
sufficient  to  break  the  rock  were  it  acting  alone  at  the  sur- 
face— or  in  other  words  greater  than  the  iihimate  strength  oE 
the  rock— the  rock  tends  to  be  deformed  without  conspicuousi- 
fracture;  in  other  words,  the  rock  practically  flows^  The^ 
flowage  is  accomplished  by  the  chemical  recrystalllEation  of^ 
the  constituents  of  the  rock*  accompanied  perhaps  by  minute^ 
granulation  of  the  minerals.  At  no  time  during  the  process- 
of  rock  flowage  does  the  rock  become  disintegrated^  It  is^ 
apparent  that  a  hard  and  brittle  rock»  like  a  granite,  will  tend, 
to  yield  by  fracture  to  a  greater  extent  than  a  soft  one  liki^ 
shale  or  clay;  and  the  depth  of  burial  or,  what  is  virtualljr 
the  same  thing,  the  amount  of  pressure  necessary  to  iqeUc^ 
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the  sjanite  yield  by  rock  flowage — must  nocossarily  Ix*  fn 

greater  than  in  the  case  of  shale.    Also,  there  are  ililToreneo> 

between  two  rocks  apparently  of  the  same  hanlness  or  brill le- 

ness,   because   of   the  different   behavior   of    their   mineral 

constituents  under  processes  of  rock  llowa^re.      Where  the 

temperature  is  high,  the  rock  will  yielil  by  llowaye  iui»re 

readily  than  where  the  temperature  is  lower,  beeause  (»f  the 

assistance  afforded  by  high  temperature  to  the  proeess  of 

recrystallization,    which    is   the    principal    proeess   of    roek 

flowage.     Where  the  rock  mass  contains  consi<Iera])h;  water, 

tbe  conditions  are  favorable  to  recrystallization.    The  U'liyth 

of  time  during  which  deformation  occurs  also  (IfrtrniiineH 

\vliether  the  rock  will  yield  by  flowage  c)r  by  fraclnir.     A 

marble  slab,  for  instance,  if  put  under  pressure  will  lirrak, 

but  if  supported  at  the  ends  for  a  considerable  length  of  tinu! 

y^iU  sag  in  the  middle,  thus  indicating  that  tlie   rode   liati 

actually  changed  its  form  without  breaking     or,  in  othrr 

ivords,  has  been  deformed  by  rock  flowage.     This  j;h#'nom 

don  is  noticeable  in  the  old  cemeteries  of  tlie  Kast';rn  Srat'Tfj. 

't    is  apparent,  then,  that  the  depth  of  the  zone  of  frartun:  in 

''''hicrh  rocks  are  deformed  by  fracture  rath':r  tlian  by  fIov/;i'^«: 

's       likely   to   be   most    variable,    depen^iing    on    '  o»i')itioni. 

^^^xx  Hise  has  attempted  to  shov;  what  this  fU:]t^ii  vroiil'i  ly: 

^^^**   some  of  the  hardest  rocks.  -avA  ha-,  four.'l  it  f.'jTiiy.iruK/rry 

^'^^ll.     This   he  ciscovrrt^]   '-r:   ^,k'.' 'I'.^i*::.'^    •/.}.'-.*    ;..-':.,•,•*: 

^^^^xald  be  suflficier.:  to  ',>.s'--  ar.y  \'<::':*:;  v-.?:*  :.^.;^^•   '-.':  •. 

POS^d  to   exist   :n    the   ro//;   :r.^--.   -s:.';   \y   '.':•':::;.  ;.  •  ;f    v-.t 

^^i^ht  or  thickness  ^:  i  ','/.:r'.r.  or  r-^-'iC    .  .r5.  ..';-.*   •-,  v  .*; 

^^^h  pressure .      R o*. k    r.  .  v.  s - ';    o '.-,;-  .    -.- ::  -.  y    •:,",.;; ;.    •  -. ' 

^^ixi'Clc  gras::!at:-.r-  '.:  v'.t  --:-.':''i'.   .'.•.'  *.'-.'.    ■.•.'.  ".•',  .;^' 

^'^^TTiical  recry stall izi-  r.  \ -  •  •. ':  %< -  '.  •. '.  ! :  * •  -  -  y/* 

^*  ^n  importar:  o-*  ir.-:  i'/,\  .•.•:'.  ;■  w.  .•\   -  -v  ic .  •• »:    '■.-•  •, 

**  in  ire:*:?- 

^*^li  on  h-tit:::^  s*  I  '  *    . '.      * :'   ' '  .       ''■../.''. '/"' '   '  \  v 
^^ers  tzar  i^tir-.-   r.*— :   s.-. ■.   ■  -■.    "1    .  \,-.\\-  .^,\  w   .  "<  -  -. 
^^Crysialliie- 
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Professor  Ewingf  found  that: 

1.  In  lead  that  has  been  severely  strained,  recrystalliza- 
tion  goes  on  at  all  temperatures,  from  that  of  the  ordinary 
room  up  to  the  melting  point. 

2.  The  higher  the  temperature,  the  more  rapid  are  the 
changes  in  the  crystalline  structure. 

3.  The  structure  of  a  cast  specimen  of  lead  remains 
unaltered  at  temperatures  that  cause  a  strained  specimen  to 
show  rapid  change.  

ZONE    OF    FRACTURE 

7.  Deformation  by  Stress. — Any  force  or  combination 
of  forces  tending  t6  alter  the  shape  or  size  of  a  body  is 
termed  a  stress.  The  process  by  which  the  internal  struc- 
ture and  external  configuration  of  the  lithosphere  are  changed 
is  termed  deformation,  provided  the  causes  originate  below 
the  surface. 

Rocks  are  subject  to  physical  forces  and  chemical  changes 
the  same  as  most  other  matter.  If  a  rock  mass  is  subject 
to  stress  in  one  direction,  it  is  perfectly  elastic  and  will 
return  to  its  original  shape  when  the  stress  is  removed  (this 
may  be  verified  by  bounding  a  boy's  marble  on  a  stone),  pro- 
vided the  stress  has  not  been  so  great  that  it  has  passed  a 
certain  point  called  the  elastic  limit.     No  deformity  will 

be  permanent  until  the  stress 
exceeds  the  elastic  limit,  and 
then  the  rock  will  assume  a 
new  form. 

8.     Rupture.  —  The 

breaking  strength  of  material 
is  its  ultimate  strength,  or  the 
resistance  it  offers  to  rupture. 
If  the  rupture  is  caused  by  tensile  forces,  it  is  usually  normal, 
that  is,  at  right  angles  to  the  line  of  force;  if  caused  by  com- 
pressive forces,  it  is  tangential,  occurring  by  sliding  along 
planes  diagonal  to  the  normal  stress.  To  illustrate  this,  let 
Fig.  1  represent  a  stone  slab  a  supported  at  both  ends. 
If  tensile  forces  act  on  the  slab  then  the  fracture  will  be 
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along  the  line  be.  Again,  let  d  and  e  represent  compressivo 
forces;  then  rupture  will  occur  along  either  the  line  w  w  or 
the  line  m'  n\  which  are  diagonal  to  the  normal  direction  of 
the  stress  be, 

9.  Ultimate  Strength. — Rocks  under  less  weight  than 
their  ultimate  strength,  when  rapidly  deformed,  arc  in  the 
zone  of  fracture,  and  under  such  conditions  break,  while 
crevices  separate  the  broken  parts.  The  crevices  may  be 
wide,  deep,  and  long,  or  short,  narrow,  and  shallow.  The 
fractures  may  be  very  small  and  parallel,  as  in  slates,  or  tliey 
may  cause  the  rock  to  be  broken  into  innumerable  fragmentn 
that  are  either  rounded  or  angular.  The  strength  of  the 
rock  has  much  to  do  with  the  depth  at  which  weight  from 
strata  above  will  cause  deformation,  for  soft  rock  is  mc^re 
susceptible  to  weight  than  hard  rock.  In  the  case  of  soft 
rock,  a  small  thickness  of  strata  might  prevent  crevices  from 
forming;  while  in  hard  brittle  rock  a  crevice  can  extctid  to 
grreat  depth.  It  has  been  noticed  that,  where  a  fissure  in 
hard  rock  was  of  considerable  size,  it  l>ecame  a  mere  ';rea:>e 
and  finally  was  entirely  lost  in  soft  rock  adjacent  and  l>elow, 

10.  Depth  at  Which  lUxtU  C'avftffH  Will  i;ioM% 
Van  Hise  has  attempted  to  show  the  depth  of  the  zone  of 
fracture  by  calculating  the  pressure  sufficient  to  clov:  -^uy 
cavities  that  might  be  supposed  to  form  in  the  io<.k  ma^h, 
and  determining  the  height  of  a  coi'^ir.n  of  ro'.k  s'jffi'Jerjt  to 
give  such  pressure-  The  inter, »?::>•  of  stre^,s  or;  a  rjor;zoj;taI 
plane  at  any  depth  is  t^ris,':  to  the  v.'r:^ht  of  a  \',\k:s.u  of 
rock  of  unit  crosv-sevifonil  area  ezter.o:-.;.^  ro  ♦>;♦;  ^'jrfa.'*:, 
Assosje.  for  talcu2a::or..  thit  the  \rz\r.'d,^\\  :-/.'£  ?.a\  d  t;^/,:f*o 
giaiiij  areragirg 2.T  ^ric  i  ':ri\z''.'^  ^'-er-g^h  o'  2'  Wy  yj.w*:x 
per  sqmre  rDch.  These  :.:;rreb  ire  :r.  ex-.e'.*:  of  ore  :,fcfy 
graniie,  acoc  art  Lbor:  ei. ..':.'  v,  'he  :" vr  ^-e^.*  tve'^e*^  'C<'  '-'^ 
dnd  traps.  T*be  —Ttieri'jfi  vt  ", e  ',*  ''.e  r';'/-  'ec  o*rv*'-  t* 
wnaca  cerititf,  in.:  .L-.-ve  :-«'.-  •  oe  -iT'e"-  -'.e-:  v.  •'.  o'.-*<  •.•> 
l)ecz3S«  «f  the  TCii-e- -^ '  •■•     •  •-*:   *:  iv-,  .  —    ".e  "-y  ^   ■\ 


ei;ffT  meant    rr;:»*r- 'i-     •>:•' "t     *'.-•'':     ^    i'>    'tv-- *  •  vo 
ohtes-red.     At  'jLv.i.ti  .i   -:*e  ei.—-:.  ":.*^  oe  •   it'.  \-  ".  v<.'.e-' 
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under  pressure,  the  specific  gravity  of  the  rock  mass  will  be 
opposed  by  the  specific  gravity  of  water,  which  is  1;  hence, 
to  find  the  height  of  the  column  of  rock  that  will  produce 
the  required  pressure,  divide  the  crushing  strength  by  the 
weight  of  a  rock  1  inch  square  and  1  foot  high,  whose  specific 
gravity  is  2.7  -  1  =  1,7.  Then,  25,000  ^  62.5  X  1.7  X  12 
gives  33,882  feet  as  the  depth  at  which  cavities  can  exist 
under  the  conditions. 

A  second  calculation  is  based  on  the  rock  above  the 
cavities  being  solid  to  the  surface  and  of  a  specific  gravity 
of  2.7.     Then, 

1,728 
and  25.000  ^  1.172  =  21,331  feet  is  the  depth  at  which  the 
cavities  will  close. 

The  first  calculation,  which  assumes  that  the  rocks  are 
porous  and  are  therefore  supported  by  hydrostatic  pressure, 
gives  a  depth  of  6.5  miles  as  the  point  at  which  cavities 
must  close.  The  second  case,  which  assumes  that  the  rocks 
are  not  porous  but  solid,  gives  4  miles  as  the  depth  at  which 
cavities  must  close.  As  the  calculations  are  based  on  the 
strongest  rocks,  it  is  considered  by  Van  Hise  that  the  depth 
at  which  cavities  will  close  is  from  3  to  8  miles. 

There  are  other  factors  entering  into  the  problem  that  will 
affect  the  results,  but  the  extremes  have  been  taken  as  a 
basis  of  calculation.  In  numerous  instances,  veins  have 
pinched  out  with  depth,  and  there  is  no  means  of  determin- 
ing how  much  of  the  original  vein  has  been  eroded;  hence ^ 
ifi  mining,  it  is  customary  to  assume  a  long  wide  vein  as  one 
that  will  have  considerable  depth, 

11.  Fracture  Folds. — The  unevenness  of  the  earth's 
surface  is  supposed  to  be  caused,  in  part  at  least,  by  the 
wrinkling  of  the  lithosphere  in  its  attempt  to  adjust  itself  to 
more  rapid  cooling  and  more  rapid  shrinking  of  the  interior. 
An  old  comparison  that  illustrates  this  phenomenon  is  the 
wrinkling  of  an  apple  skin  when  the  moisture  begins  to  dry 
out  prior  to  decay.     According  to  Van  Hise,  the  so-called 
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folds  In  the  zone  of  fracture  are  the  results  chiefly  of  RUmer- 
DUs  parallel  joint  fractures  across  the  strata,  with  slight  dis- 
placements at  the  joints,  giving  each  block  a  slightly  different 
position  from  the  previous  on^/  and  thus  as  a  whole  making 
a  fold,  as  shown  in  Fig.  2^For  instance,  the  folds  of  the 
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ri^id  rocks  fn  the  Alleghanies  are  not  in  the  main  true  flex- 
ureSp  but  a  series  of  slightly  displaced  blocks.  That  move- 
ments have  occurred  and  that  such  folds  are  due  to  them  can 
be  determined  by  the  microscope. 

If  the  pressure  is  sufficient,  the  strongest  and  most  brittle 
rock  beds  may  be  crumpled  on  themselves  within  their  own 
radius.  In  fact»  it  is  to  be  inferred  that^  the  thinner  and 
softer  the  beds,  the  shorter  and  steeper  are  the  folds  and  the 
more  nearly  does  their  material  approach  in  its  movements 
the  60 wage  of  tallow  under  pressure.  In  a  series  of  beds 
different  lithological  character,  the  thick  strong  beds  are 
less  closely  folded  than  the  thin  weak  beds,  and  the  softer 
layers  will  be  thickened  here  and  weakened  there,  as 
demanded  by  the  stronger  layers* 
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ZONK    OF    PRACTtFRE    AND    FLOWAGE 

12,     The  Ar|i:ument» — As  already  noted,  rock  flowagc 

occurs  mainly  through  the  process  of  minute  granulation  of 
the  mineral  constituents  of  the  rock  mass,  and  through 
chemical  recrystalHzation  of  the  particles.  The  marble 
slabs  that  have  been  mentioned  as  bending  would  probably 
have  broken  if  pressure  had  been  applied  quickly;  but,  as  the 
particles  had  time  to  meet  the  changed  conditions,  there 
was  a  flow  of  particles  that  caused  a  change  in  structure. 
Professor  Hoskins  points  out  that  a  rock  under  pressure  tQ 
two  directions  may  fracture  when  rapidly  deformed  by  pres- 
sure in  a  third  direction,  and  may  flow  when  less  rapidl}^ 
deformed.  This  is  due  to  the  fact  that  the  elastic  limit  of  a 
rock  is  less  than  its  ultimate  strength.  The  fractured  rock 
material  of  this  middle  zone  may  be  coarse  in  size  and  hence 
have  large  spaces  between  the  various  fragments,  or  else 
grade  down  to  very  fine  particles,  with  no  apparent  spaces 
betw^een  them  as  the  zone  of  no  cavities  Is  approached. 
Since  the  dividing  line  for  the  zone  of  fracture  and  flowage 
is  at  different  depths  for  rocks  of  unequal  strengths,  there  is 
a  zone  where  one  rock  will  be  in  a  fractured  state  and 
another  rock  in  a  state  of  flowage.  It  is  also  evident  that, 
with  increased  pressure  for  the  same  rock,  fractures  become 
more  frequent:  the  particles  are  in  a  state  of  mobility,  being 
free  to  move  in  w^hatever  direction  the  compression  may  be 
least;  and  finally  the  pressure  becomes  so  great  that  par- 
ticles are  flattened  out.  Van  Hise  states  that  on  Doe  River, 
Tennessee,  massive  beds  of  quartzite  are  bent  on  them* 
selves  within  their  own  radius  with  no  evidence  of  crevice  or 
fracture,  but  that  the  microscope  shows  that  fracturing  and 
resultant  flattening  of  the  quartz  grains  were  almost  universal. 


13.  stress  Difference.— Assume  a  cube  of  rock,  Fig.  8, 
to  be  buried;  it  will  have  three  mutually  perpendicular  diree* 
tions  in  which  the  stress  is  normal,  as  shown  by  the  lines 
aa,  bi>,  and  €c.  In  case  the  three  stresses  are  equal,  there 
will  be  no  rupture  or  no  movementi  no  matter  what  theii 
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intensity,  and  the  density  of  the  material  may  increase  ai 
the  stresses  increase.  In  general,  however,  the  stresses  are 
uneqiial,  and  the  difference  between  the  greatest  and  the 
least  is  termed  the  stress  difference.  Assuming  that 
there  is  always  a  stress  difference,  it  is  evident  that  at  a  cer* 
tain  depth»  which  will  vary  for  each  rock,  mashinj^  of  the 
rock  particles  will  occun  This  mashing  will  occur  at  differ- 
ent depths,  according  to  the  strength 
of  the  rock  and  the  amount  of  mois- 
ture and  heat  present.  The  depth  is 
important^  inasmuch  as  it  explains 
many  peculiarities  present  in  rocks. 
Water  at  this  depth  of  fracture  and 
flowage  may  be  in  such  a  condition 
as  to  greatly  assist  mashing,  and  in 
such  cases  plastic  rocks  or  magmas 
may  be  formed  much  sooner  than  if  water  were  absent.  The 
movement  of  rock  particles  would  be  aided  to  a  greater  | 
degree  if  water  were  present*  It  is  evident  that  the  natural 
place  for  water  to  perform  solvent  action  most  thoroughly 
is  in  the  zone  of  fracture,  and  that  when  it  reaches  the  | 
^one  of  fiowage  it  is  saturated  and  in  a  better  condition 
to  cetneni  rocks  by  the  material  it  bears  in  solution  than  to 
dissolve  them. 


ZONS    OF    rUOWAQE 

14p  The  Arifiiment. — Rocks  buried  to  such  a  depth] 
that  the  weight  of  the  strata  above  them  exceeds  ihetf 
ultimate  strength  are  in  the  zone  of  plasticity*  Cracks  and 
crevices  cannot  form  under  such  circumstances,  for  rock  ] 
TTould  flow  toward  the  opening  and  close  it-  All  rocks  in 
this  sofie  are  under  compressive  stress,  and  the  material 
Tjeing  plastic  will  move  from  a  place  of  great  compression  to 
one  of  less  compression,  or,  in  short,  would  endeavor  to 
obey  the  laws  of  hydrostatics.  If  the  mass  were  homogene- 
ous  It  would  flow  in  the  direction  of  least  resistance,  like  a 
mass  of  putty.  Bttt  rock  masses  are  heterogeneous,  and  the 
alternating  layers  of  different   plasticity  may  retain  tlietr 
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mdividtiaHty,  there  being  no  considerable  mingling  of  one 
layer  with  another*  The  strong  thick  beds  will  vary  thi 
direction  of  movement  of  the  material  at  a  given  placeJ 
and  thus  develop  folds  of  great  length  and  breadth,  On\ 
accoUDt  of  their  character  and  relative  resistance,  when 
deformation  occurs  so  that  they  are  arched  above,  they  will 
carry  part  of  rhe  load  above  them  and  thus  relieve  to  some 
extent  the  softer  beds  below.  The  softer  beds,  as  shown  by 
the  black  stratum  in  Fig,  4,  will  flow  in  the  direction  of  le 
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resistance  and  even  press  against  the  confining  arch,  and 
thus  do  their  part  in  carrying  the  superincumbent  load.  In  a 
similar  manner,  when  strong  formations  are  deformed  so 
that  they  are  bowed  downwards,  they  will  give  increased 
pressure  to  softer  beds  and  add  to  the  ordinary  thrust  that  is 
already  forcing  the  material  to  the  arches  of  the  rocks  bowed 
upwards,  J 

15.     Plutonic  Theory   of  Magmas. — ^It  has   been 

assumed  by  geologists  that  Plutonic  rocks,  such  as  granite 
and  syenite,  were  deeply  subterranean  in  their  original  posi* 
tions,  and  were  crystallized  from  a  fused  condition  at  great 
depths.  To  account  for  the  difference  in  structure  between 
Plutonic  and  igneous,  or  eruptive,  rocks*  it  has  been  stated 
that  the  former  were  cooled  slowly  under  pressure,  while  the 
latter  were  cooled  quickly,  Plutonic  rocks  are  evidentlfj 
the  result  of  wet  heat — that  is,  beat  combined  with  moisture- 
and  not  dry  heat,  such  as  results  from  fusion  by  fire  with  no 


iEOU 


k 


jjioisture  present,  as  in  the  case  of  ftimace  slag:.  According 
(O  observation,  all  volcanic  eruptions  show  the  lavas  to  be 
pf  i3iagtnatjc  origin,  and  intrusive  rocks  show  the  same  origin, 
ffO^EXi  which  it  nia^  be  deduced  that  nearly  all  deep-seated 
fxya'^s  were  formed  as  plastic  inagroas,  the  Plutonic  rocks 
havii^g  been  cooled  slowly  under  great  pressure,  and  the 
eruptive  rocks  having  been  cooled  quickly  under  little  pres* 
stir^^  *ro  agree  with  this  hypothesis,  a  magma  may  be 
(defined  as  a  soft  putiy-like  mass  formed  by  heat  and  pressure 
and  given  plasticity  by  its  water  of  crystallization.  This 
definition  also  covers  the  expression  aqutihigneous  fusmu 

16*  Aqueo- Igneous  Solutions.— From  what  has  been 
sai<3,  it  becomes  possible  to  suppose  that,  at  great  depths 
ati«^  pressures,  water  is  capable  of  causing  a  superheated 
tnagrraa  to  exist.  Such  solutions  may  be  termed  aqueo- 
ig'iieous,  when  they  are  saturated  with  water  and  rock 
material  in  a  semi-fluid  state.  It  does  not  require  much 
waiter  to  form  such  a  mass,  and  it  is  presumed  that  the 
water  of  crystallization  is  sufficient.  If  this  is  the  case, 
and  from  any  cause  pressure  is  removed,  crystallisation 
suoh  as  is  observed  in  many  rocks  can  be  accounted  for 
to    a  large  extent, 

TT,     Fiowage  Folds, — In  the  zone  of  rock  flowai^e  the 
def  c>rmation  is  by  g'ranulation  or  recrystallization,  no  open- 
in  l^s  being  produced  that  are  discernible.     That  cracks  and 
crevices  must  close  at  a  certain  depth  has  been  decided,  and 
F*    I>.  Adams,  of  McGill  University,  has  actually  deformed 
marl^le  imder  conditions  supposed  to  exist  at  the  necessary 
depth    below    the    surface,    %vilh    the    result    that    the   rock 
changed  its  form  without  rupture  and  with  no  perceptible 
openings  or  cracks*     Since  water  and  rock  may  be  mixed  in 
all   proportions  under  certain  conditions  of  heat  and  pres- 
stire,  it  is  probable  that  rocks  may  form  a  plastic  magma 
and    be  of  all  grades  of  viscosity;  that  is^  they  may  range 
tram  a  very  thin  fluid,  like  water,  to  a  semifluid  state  or 
ma^iTja  until  almost  solid  rock  is  reached.     This  is  borne 
out     by   observations    made   of   some    rocks   in   which    no 


37  GEOLOGY  16 


SOIiUBLLITY    OF    ROCKS 


SOLUTIONS    AND    HEAT 

18.  Deptb  and  Water. — The  conclusions  reached  in 
e  precedins:  discussion  are  to  be  supplemented  by  another; 
mely,  that,  if  no  cavities  can  exist,  the  rocks  must  be 
lidly  welded  or  be  in  a  condition  grading  from  a  plastic  to 
luid  state.  As  previously  demonstrated,  the  temperature 
the  earth  increases  with  depth,  and  consequently  the  tem- 
rature  of  liquids  will  assume  that  of  the  rocks  with  which 
ey  are  in  contact,  or  will  be  raised  1°  for  every  60  feet  of 
pth.  The  pressure  increases  with  depth  with  sufficient 
pidity  to  probably  hold  water  in  the  form  of  a  liquid; 
nee.  the  work  of  water  in  the  zone  of  fracture  below 
,000  feet  is  that  of  superheated  water.  It  is  well  known 
at  the  solvent  action  of  pure  water  when  cold  is  slight, 
d  rapidly  increases  as  the  water  is  heated.  Barus  found 
at  hot  water  above  365®  F,  greatly  increased  the  solubility 
C^lass.  The  solvent  qualities  of  water  will  be  active  until 
turation  is  reached,  no  matter  what  the  temperature,  but 
it  solutions  will  materially  hasten  the  operation.  Alkaline 
rbonate  or  sulphide  solutions,  when  cold,  might  require 
onths  to  dissolve  silicates  and  sulphides  to  the  point  of 
toration  that  at  a  temperature  of  365^  F,  would  require  but 
few  moments  to  reach  the  point  of  saturation.  The  sol- 
;nt  action  of  underground  waters  is.  in  some  cases,  doubt- 
ss  increased  by  pressure  as  well  as  by  temperature;  on  the 
her  hand,  the  solubility  of  some  natural  salts  may  be 
minished  by  pressure. 

In  the  lower  part  of  the  zone  of  fracture,  increase  in 
mperatnre  with  depth  may  lessen  the  average  amount  of 
aterial  that  may  be  held  in  solution,  but  in  most  cases 
icrease  in  pressure  promotes  solubility. 

19.     The  Relation  of  .?k>lntlon«i  and   Pre.m^nren.—  ln 

eneral,  the  volume  of  the  =ioIvent  plu^  that  of  the  substance 
issolved  is  greater  than  that  of  the  solution.     For  a  given 
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quantity  of  solution,  the  contraction  in  volume  is  greater 
according  to  the  quantity  of  solvent  used.  Sometimes,  the 
volume  of  the  salt  and  the  solvent  is  less  than  that  of  the 
solution,  in  which  case  expansion  results  from  dissolving 
the  solid.  When  the  volume  of  the  solution  is  less  than 
that  of  the  solvent  and  salt,  as  is  usually  the  case,  pressure 
increases  solubility  by  bringing  the  molecules  closer  together 
in  solution.  Conversely,  when  the  volume  of  the  solution  is 
greater  than  that  of  the  solvent  and  salt,  pressure  decreases 
solubility,  by  causing  the  molecules  to  separate  still  further. 


PRECIPITATION    FROM    SOLUTIONS 

20.  Whenever  a  number  of  chemical  substances  are 
united  by  a  solvent,  interactions  may  occur  between  them 
that  after  a  time  appear  to  cease.  This  interaction  may 
result  in  the  precipitation  of  compounds,  if  the  solution  is 
supersaturated.  It  is  evident  that  the  supersaturation  of 
underground  waters  is  a  necessary  condition  for  the  precip- 
itation of  dissolved  substances.  Precipitation  may  be  caused: 
( 1 )  by  a  change  in  temperature;  (2)  by  a  change  in  pressure; 
(3)  by  reactions  between  solutions  differing  in  their  chem- 
ical properties;  (4)  by  reactions  between  liquid  solutions 
and  solids,  including  electrolytic  action;  and  (5)  by  reac- 
tions between  gases  and  solutions;  gases  and  solids;  or 
gases,  solutions,  and  solids.  The  laws  of  chemical  precipita- 
tion from  aqueous  solutions  are  complex,  and  belong  to  the 
province  of  chemistry;  but  for  present  purposes  this  state- 
ment of  chemistry  will  suffice:  W/i€n  solutions  of  two  or  more 
kinds  come  ioj^ciher  and  compoiaids  can  form  that  are  insoluble  in 
the  liquids  present,  they  will  do  so  a7id precipitation  will  follow. 

The  most  important  case  of  precipitation  in  nature  is  that 
resulting  from  the  mingling  of  aqueous  solutions  and  solids. 
In  some  instances  this  will  produce  rock  cementation,  in 
others  crystallization.  In  order  that  crystals  in  a  solvent 
shall  grow,  it  is  necessary  that  the  solutions  be  saturated 
or  supersaturated  at  the  immediate  place  of  growth.  Under 
conditions  of  saturation  in  which  a  superabundance  of  solid 
is  present  compared  with  the  amount  of  solution,  it  is  a  fact 
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tli^t  the  larger  crystals  grow  at  the  expense  of  the  smallerj 

^^<3  this  process  goes 

P  ~ 
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more  rapidly  in  pro- 
:rtion    as    the   tern- 
p^  -r^ature   is   high   and 
ih.^^  pressure  great. 

Xti  Fi0,  6  is  shown  a 

r(^-£::k  fornied  b^  water 

i^^x^ning  from  the  Sutro 

tct^^rieL     This    water 

eo^raes  from  the  Com- 

stocrk    lode,  Virginia 

City,  Nevada,  and  in 

tlie  mine  is  quite  warm, 

Ori   reaching   the   tun- 

neli  it  begins  to  cool, 

and    when    in  the  air, 

cools  sufficiently  to 

precipitate    the  aluminum    sulphate    of   which   the   rock   is 

mainly  composed. 
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THE  CirEMlCAL  C  OK  ST  IT  im  NTS  OF  EOCK8 

21*     Derinltlons. — Petroloiary  treats  of  the  origin,  mode 

of  occurrence^  constituent  minerals,  and  structure  of  rocks, 

Petroirrnphy  is   that  branch  of  petrology  that  deals  mnth 

the    sinictural*   mineral,  and    chemical    character  of   rocks. 

Petrology  is  the  study  of  rocks  in  the  field,  while  the  term 

littiolo^^  signifies  the  study  of  rocks  under  the  microscope. 

An  element  is  the  simplest  form  of  matter;   that  is,  it 

cannot  be  divided  into  other  elements  by  any  means  known 

to  science.     For  example,  gold  is  an  element,  and  cannot  be 

decomposed    hito    copper    or    iron.     At    the    present    time, 

seventy-two  elements  have  been  discovered j  97  per  cent,, 

however,  of  the  lithosphere  consists  of  but  nine  of  these 
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elements.  Three  of  the  nine — oxygen,  silicon,  and  carbon — 
are  non-metals.  Oxygen  is  the  most  abundant,  since  it 
composes  21  per  cent,  of  the  atmosphere,  88.89  per  cent,  of 
the  water,  and  50  per  cent,  of  the  rocks*  Sllieon  is  the 
next  most  abundant,  and  is  said  to  form  fully  one-quarter  of 
the  lithosphere*  Carbon,  while  not  found  in  such  lar^e 
proportions  as  the  other  elements  mentioned,  is  widespread  in 
the  form  of  coal  and  limestone  beds.  The  other  six  most 
important  elements  are  aluminum,  calcium,  magnesittm,  potas- 
sium, sodium,  and  iron.  The  elements  of  minor  importaoce, 
but  very  abundant  in  some  localities,  are  sulphur,  phosphorus, 
fluorine,  manganese,  and  barium »  The  remainder  of  the 
seventy-two  elements  are  rare,  and  heed  not  be  mentioned 
here.  ■ 

22.  MlneralSi*— The  materials  of  which  the  earth  con- 
sists are  termed  minerals.  Usually  they  are  inorganic 
compounds,  but  in  some  instances  they  are  of  organic 
origin,  such  as  coal  and  limestone.  Certain  minerals  can 
be  identified  by  their  qualities;  such  as,  their  composition; 
crystalline  form;  hardness;  brilliancy,  or  luster;  density,  or 
specific  gravity;  cleavage  and  fracture;  and  the  mark — ^termed 
sireak^iha^t  they  make  on  un glazed  porcelain.  While  the 
number  of  minerals  that  have  been  examined  and  received 
names  is  large »  yet  there  are  very  many  more  that  have  nc 
as  yet  been  classified, 

23.  Principal  Hock- Forming  Minerals,— The  rockJ 
that  are  most  abundant  in  the  lithosphere  are  composed  of 
some  form  of  the  elements  silicon,  carbon,  and  calcium. 
Other  rocks  that  are  quite  common  are  made  up  of  sodium 
and  iron  compounds.     These  elements  form  large  nntnbers 

of  minerals  that  in  turn  form  large  masses  of  rock.  ^M 

24.  snica* — Chemists  recogrnize  two  varieties  of  slUeai 
one  kind,  which  may  be  formed  by  melting  sand,  is  ordinary 
fflass  and  has   a   specific    gravity  of  2.2;   the    other   kindj^^ 
called  quarts,  is  deposited  from  solutions  and  is  found  in^ 
rocks,  in  the  form  of  six-sided  crystals,  as  well  as  in  masses, 
and  has  a  specific  gravity  of  2*8*     Quartz  is  slightly  harder 


I 

i 
I 

I 


GEOLOGY 

tban  glass  rToF  it  will  scratch  the  latter.  Both  glass  and 
c|uart2  enter  largely  into  rocks  of  the  Hthosphere,  and  it  is 
well  to  ren) ember  that  the  glass  has  been  formed  by  the 
dry  process,  while  the  quarts  has  been  formed  by  the 
^'ei    process, 

25.  SlUcates, — Most  of  the  rock-making  minerals  are 
coinpoiinds  of  silicon  and  oxygen  with  such  elements  as 
aluminum,  magnesium,  calcium,  potassium,  iron,  and  sodium* 
Such  combinations  are  termed  silicates,  when  silica  is  io 
excess  of  the  other  minerals,  and  are  also  known  as  acid 
x>ocks.     Quartzite  is  a  silicate. 

26.  Feldspars, — Silicates  of  aluminum  with  one  or 
cnore  of  the  metals  potass ium,  sodium,  and  calcium  are 
termed  feldspars.  The  color  is  usually  white  or  flesh  red* 
^nd,  rarely,  brown  or  greenish.  The  cleavage  is  in  two 
cJirections.  and  the  cleavage  surfaces  are  smooth  and  gflassy- 
looking.  The  fracture  gives  a  step-Hke  appearance,  Ortho- 
c*lase  is  the  most  common  feldspar  and  contains  potash, 
^Albltc  is  a  white  feldspar  containing  soda*  Anorthlto 
is  a  lime  feldspar;  oll||foclu«e  is  a  soda-lime  feldspar?  and 
nndesltie  is  a  lime-soda  feldspar.  It  will  be  noticed  that 
oltgpclase  contains  more  soda  than  Hmei  and  hence  the  pre- 
dominant element  is  placed  first,  I,*abradorlte  is  a  Ume- 
^oda  feldspar,  andesine  being^  between  oligoclase  and 
labradorite* 

27.  Mtca. — A  silicate  of  aluminum  and  potash  that 
Splits  into  thin  sheets  is  termed  niiea.  This  mineral  can 
always  be  determined  by  its  softness  (the  finder  nail  will 
Scratch  it)  and  by  its  cleavability.  It  is  used  in  the  doors 
of  some  stoves*  as  heat  has  little  effect  on  it,  and  also  as  an 
insQlating  material  for  electrical  machines.  It  enters  into 
the  composition  of  many  rocks.  When  it  predominates  in 
a  rock,  as  scales*  that  rock  is  termed  a  micacemis  r&ck  or 
wmum  schist.  Sometimes  mica  is  colored  brown  or  black, 
especially  when  it  contains  iron,  in  which  case  it  is  termed 
blotlte,  or  hlack  mica. 
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28.  Hornblende  and  Pyroxene. — Hornblende  and 
pyroxene  are  so  nearly  alike,  both  in  appearance  and  com- 
position, that  they  may  be  described  together.  They  are 
silicates  of  magfnesium,  calcium,  and  iron.  The  most  com- 
mon variety  in  rocks  has  a  black  or  greenish-black  color. 
They  are  not  so  hard  as  feldspar,  and  unlike  mica  are  brittle. 
Pyroxene  is  sometimes  fibrous  in  texture,  with  long  brittle 
threads,  when  it  is  termed  asbestos.  When  in  this  state  it 
is  sometimes  taken  for  chrysoiile^  but  the  fibers  of  the  latter 
are  silky  and  not  brittle.  Aciinolite  and  amphibole  are  varie- 
ties of  pyroxene. 

29.  Ma^nesian  Silicates. — Talc  is  a  silicate  of  mag- 
nesia containing  water.  It  is  very  soft,  and  is  usually  of 
some  shade  of  green.  When  powdered,  it  has  a  soft  greasy 
feeling.  It  is  sometimes  found  in  foliated  plates,  like  mica; 
at  other  times,  it  is  without  foliation,  like  soapstone.  When 
powdered,  it  is  almost  white,  and  is  used  for  many  purposes, 
such  as  a  toilet  powder,  a  paper  filler,  and  as  an  adulterant 
of  drugs  and  paint. 

Another  magnesian  silicate,  termed  serpentine,  forms 
large  areas  of  rock,  and  is  sometimes  mineral  bearing,  that 
is,  contains  minerals  of  value,  like  chrome-iron  ore  and 
chrysotile.  Serpentine  is  usually  dark  green,  although  in 
some  localities  it  varies  from  this  to  a  light  grayish  green. 
Serpentine  receives  its  name  from  its  peculiar  texture,  which 
is  winding  or  banded,  one  band  being  a  different  color  from 
that  next  to  it,  thus  giving  the  rock  a  mottled  appearance. 
The  mineral  can  be  cut  with  a  knife,  and  its  powder  feels 
greasy,  like  talc.  The  true  asbestos  of  commerce  is  fibrous 
serpentine  or  chrysotile,  and  as  it  is  silky  and  not  brittle 
it  can  readily  be  distinguished  from  fibrous  hornblende  or 
pyroxene.  Serpentine  rock  frequently  contains  chrome  iron 
and  nickel,  and  in  one  case  at  least  a  vein  of  rich  gold  ore. 

30.  Carbonates. — The  carbonate  minerals  contain  car- 
bon dioxide.  Caleite,  or  calcium  carbonatey  is  the  material 
that  forms  limestone  and  marble.  When  comparatively  pure, 
it  cleaves  in  three  directions,  with  bright  smooth  surfaces 
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contains  54.4  per  cent,  of 

calciunfi  carbonate  and 
45.6  per  cent,  of  ma^ne- 
sitim  carbonate.  Cal- 
cium-mag^nesian  carbon- 
ates are  sometimes 
burned  to  form  cement. 
They  are  then  called 
kydraidk  iimestones  or 
cemaii  rocks.  A  calcite 
crystal  Is  shown  in  Fig;  7 
{a)\  but  the  crystals  may 
take  many  forms »  all  of 
them,  with  one  exception* 
having  the  planes  at 
either  end  in  threes  or 
multiples  of  three,  and 
those  above  alternate  in 
position  with  those 
below.  Fig*  7  (i)  illus- 
Irates  groups  of  calcite 
crystals  as  found  in, 
nature,  I 


(foj 
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31.     Bnlphur  Hin- 

erals. — Sulpliiir  enters 
into  combination  with  a 
large  number  of  other 
elements  to  form  min- 
erals. Occasional  large 
deposits  of  almost  pure 
sulphur  have  been  discov- 
ered, and  large  deposits 
of  i^psum  (composed 
of  sulphur  trioxide,  lime, 
and  water)  are  found. 
Pure  gypsum  is  white; 
it    occurs    sometimes 
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massive,  and  again  in  clear  vitreous  crystals,  such  as  are 
shown  in  Fig*  8  (a).  The  rock  alabaster  is  massive  gypsum. 
Sulphur  combines  with  iron,  copper »  ^inci  lead,  and  other 
metallic  minerals  to  form  sulphides  of  those  metals.  It  is 
not  difficult  to  distinguish  sulphur  compounds,  for  on  being 
heated  they  give  off  a  sulphur  gas.  Sulphur  crystals  are 
usually  cubical,  as  shown  in  Fig*  8  (i),  when  combined  with 
copper  or  iron,  and  have  in  most  instances  a  brassy  look. 
Galena,  or  sulphide  of  lead,  is  bluish  black  and  has  cubical 
cleavage^  as  shown  in  Fig.  S  U) ,  It  is  also  found  in  grains  as 
well  as  in  masses,  especially  in  limestone  and  dolomite  rocks, 

32,     Sodium. — Soaiuin    elilorlde,    or    common    salt, 

forms  large  beds  of   rock  in  various  parts  of   the  world. 

This    mineral    is 

termed    haiite,    and 

can   be   told  by  its 

taste  and  softness, 

Bodl  um-al  u  ni !  n  ti  tti 

fluoride  is  known  as 

cryolite.     It  is  found 

in  extensive  deposits 

in  Greenland  and  in 

small    deposits    in 

other  places.     The  soda  business  is  of  great  importance  in 

the  United  States;  and  while  halite  enters  into  the  manufac- 
ture of  soda,  cryolite 
enters  into  the  manu- 
facture of  aluminum 
by  the  electric-smelt- 
ing process.  Cryo- 
lite resembles  calcite 
and  anorthite  in 
cleavage. 

33.     Iron,— The 

iron      minerals, 

^^^  *"  although  widespread, 

are  found  in  massive  quantities  in  certain  localities  only.   The 
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sulphide  of  iron  seems  to  be  the  parent  mineral  from  which 
hematites,  limonites,  and  other  similar  iron  ores  were  formed. 
All  the  ores  of  iron,  outside  of  the  sulphides  and  carbonates, 
are  oxides  of  iron.  Iron  oxide  is  found  in  small  quantities 
in  almost  every  clay  and  rock  formation.  Fig.  9  shows  the 
crystals  of  magrnetite  as  they  occur  in  magnetic  iron  ore. 
Fig.  10  shows  an  unusual  form  of  red  hematite  iron  ore,  given 
here  for  the  purpose  of  exposing  its  oolitic  structure. 
Bauxite  is  an  iron  ore.  with  aluminum  that  resembles  the 
hematite  in  Fig.  10  in  structure  but  not  in  color. 


DESCRIPTION  OP  ROCKS 


DEFINITIONS 

34.  So  many  terms  are  used  to  describe  rocks  that  it  is 
considered  necessary,  in  order  to  avoid  confusion,  to  define 
them. 

Arenaceous  rocks  are  rocks  that  are  composed  more  or 
less  of  sand. 

Argillaceous  rocks  are  clayey  rocks  or  rocks  resembling; 
clayey  rocks. 

Calcareous  rocks  are  those  that  contain  lime. 

Ferruginous  rocks  contain  oxide  of  iron,  and  are  usually 
red  or  brown  in  color. 

Quartzose  rocks  contain  a  large  proportion  of  quartz 
grains. 

Saliferous  rocks  are  those  that  contain  salts. 

Silicious  rocks  contain  silica  as  quartz  or  glass. 

Rocks  are  said  to  be  crystalline  when  they  show  crystals; 
aniorplious,  when  they  do  not  show  crystalline  structure; 
compact,  when  they  are  close-grained;  and  massive,  when 
they  have  no  cleavage  planes.  Rocks  that  are  easily 
crumbled  or  pulverized  are  said  to.be  friable;  those  that 
have  a  glassy  look  are  called  vitreous;  and  those  that  are 
porous  or  full  of  holes  are  said  to  be  cellular.  Rocks  that 
have  crystals  of  some  one  mineral  larger  than  those  of  the 
other  crystals  are  termed  porpliyritic.     When  the  minerals 
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are  comparatiirely  uniform  in   size,  a   rock  in  RStd   to  b© 

granular.     Oolitic  rocks  are  composed  of  small  rotinded 

mineral  grains  resembling  fish  eggs  (see  Fig.  10),     PIsci* 

Jltlc  rocks  are  those  having  grains  the  sixe  of  shot  or  of 

small  peas*    AmyfE:daloia  rocks 

have    almond-shaped  cavities, 

which  are  formed  by  gas.     The 

rock  shovm  in  Fig.  11  is  Lake 

Superior  rock  in  which  copper  or 

limestone    fills    the    cavities    of 

an  amygdaloid  rock>     Bhaf y 

rocks    are    those    that    split   in 

leaves.     Slaty  rocks  are  those 

that  are  hard  and  crystalline  and 

split  in  leaves.     Foliated  rocks 

a^re  those  that  have  the  leaves  ^'*'-  " 

overlapping.     Such  rocks  are  termed  schiiito«a,   as  they 

seem  to  be  made  up  of  flattened  grainft  and  layers  of  miJi* 

«rals;  when  of  mica  scales  aod  quartz,  they  are  someiimet 

said  to  be  serlclttc- 

mnm  emavwm 

35*  Deflnlcloii. — The  term  rock  at^Het  to  any  mtaeral 
^^ombinatiou  that  forms  a  part  of  tlie  lithotpfaM^.  Ttiiis^ 
9oil^  5aiid«  gravel,  and  coal  are  rocks  as  well  as  hanl,  coos* 
l»act,  mtoeral  compottnds*  For  coo^'eaienee  of  descflptioii« 
TDcks  ane  groaped  as  nearly  as  possible  aocordixig  to  nattirsl 
diaracterisDcs, 

36,  WEmmmmmtmM  Bodm.— &sod«  fiare].  soil,  till,  loCM* 
day.  ssidstooe,  coogliMftecate,  and  1i9«oeia  are  rocks  derivvd 
from  tbe  disintcgntioD  or  crackmz  op  of  oliier  rocks.  Some 
of  liMise  TodkM  were  hrafcoi  and  €he  miiaends  Itmf  ooptaaoad 
cimefKlad  to^^etiicr  \ff  soMa  otliex  nifiifiiifif  j  ^kdiafis  a^aio 
exist  in  lcM>ie  partldes;  v)i]]e  stiD  oA&%  are  simply  dried  or 
OQoso&dsted  liy 
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the  clays  used  for  pottery,  red  brick,  and  firebnck,  as  well  as 
the  shales  and  slates.  Marl  is  clay  containing:  considerable 
calcium  carbonate;  loam  is  sandy  soil  containing  some  lime; 
mud   and  other  argillaceous    rocks  belong  to  this   group. 

38«  Ijltnestoiie  Group,— Limestones,  dolomites,  and 
shell  limestones*  both  amorphous  like  chalk  and  crystalline 
like  monumental  marble,  belong  to  the  limestone  group- 
Impure  limestones  may  also  be  classed  in  this  group, 

39.     Bituminous  Group. — Coal,  bituminous  limestone., 

bituminous    sandstone,    and    bituminous    shale,    which   ar^ 
— J- J f;^ — f r^^n ^    found    in    immense    beds. 


riJML 
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belong  to  the  bituminou^^  ^ 
group.    Asphaltum,  gil^ —  ^' 
sonite,  ozokerite,  and  oiK  ^^ 
sands   may   also  be  in — -^^' 
eluded.     Sands    that   con^ —  *^' 
tain  natural  gas  and  petro — -  ^^' 
leum    should   properly  be  ^^^^ 
classed  under  the  heading 
bituminous   group. 

Igneous    Rocks. 
term  l^tieoiis  is  ap- 
all  rocks  that  have 
been  in  any  way  influenced 
in  their  formation  by  heat. 
Geologists  divide  them  into  three  classes;  namely,  Plutonic; 
volcanic,  or  eruptive;  and 
metamorphic,  or  rocks  so 
changed   as  to  become 
crystallized — probably  by 
heat,     Plutonic    and    vol- 
canic   rocks     are    termed 
lutrusive     when     they 
have   been   interjected   or 
intruded    between    other  fig.  la 

rocks;  both  are  probably  of  aqueo-igneous  origin.     If  they 
reach  the  surface  they  form  a  dike,  as  shown  in  Fig.  12.     If 
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they  do  not  reach  the  surface  but  form  a  mound,  as  shown 
in  Fig.  13,  they  are  termed  laccolites. 

41.  Sedimentary  Rocks. — Rocks  that  have  been 
formed  under  water  are  called  sedimentary.  It  is  prob- 
able that  all  such  rocks  were  formed  from  older  rocks,  then 
subsequently  subjected  to  compression  from  the  weight  of 
rocks  formed  above  them,  and  finally  had  their  particles 
cemented  with  the  aid  of  aqueous  mineral  solutions.  Coal  is 
a  sedimentary  rock  formed  from  vegetable  matter. 


ROCK  FORMATION 


IGNEOUS    ROCKS 

42.  Aqueo-Igrneous  Rocks. — Such  rocks  as  have  been 
reduced  in  the  zone  of  flowage  with  the  aid  of  heat  and  solu- 
tions have  a  crystalline  texture  that  is  unmistakable.  These 
are  the  older  rocks,  and  while  later  some  sedimentary  rocks 
have  been  subjected  to  similar  treatment  their  texture  makes 
them  discernible  from  the  older  crystalline  rocks.  It  has 
been  stated  that  water  in  contact  with  most  rocks  will  change 
them  at  a  temperature  of  365^  F.;  and  at  a  temperature  of 
450°  F.  it  is  stated  that  quartz,  feldspar,  mica,  and  other 
crystals  are  formed.  Solutions  of  alkaline  carbonates  or 
sulphides  greatly  reduce  the  temperature  at  which  aqueo- 
igneous  fusion  takes  place;  for  instance,  at  400*^  F.  rocks 
become  pasty  and  at  800^  F.  become  fluid. 

43.  The  granite  rocl^s,  which  are  probably  aqueo- 
igneous,  represent  the  oldest  rock  formation.  Granite  rock 
consists  of  quartz,  feldspar,  and  mica.  It  is  a  massive 
rock  with  no  appearance  of  layers  in  the  arranjjement  of  the 
mica  or  other  minerals.  The  quartz  is  usually  whitish  or 
grayish,  the  feldspar  whitish  or  flesh-colored,  and  the  mica 
either  whitish  or  black.  The  crystals  are  similar  in  size — 
hence  the  name  grajtiU  from  fi^rain.  The  rock  is  common  in 
some  sections,  and  may  be  seen  in  almost  any  cemetery. 
When  it  has  been  cut,  dressed,  and  sometimes  polished  it 
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is  made  into  monuments  and,  as  it  is  a  very  strong:  and 
durable  rock,  is  also  much  used  for  building  purposes.  There 
are  several  classes  of  granites,  which  are  named  according 
to  their  texture  or  from  some  associated  mineral  other  than 
those  named.  Granite  varies  in  texture,  but  is  nearly  always 
an  acid  rock. 

44.  Syenite  consists  of  feldspar,  hornblende,  and  mica     — i 
with  no  quartz  or  with  but  very  little.    It  seems  to  be  classec:^*^ 
in  the  granite  group.     It  derived  its  name  from  Syene,  iL^*^^ 
Egypt.     The  pyramids  and  the  obelisks  are  made  of  thi^  -is 
rock,  which  was  at  one  time  considered  extremely  rare  ir.  ^  ^ 
America;  however,  syenite  is  found  in  many  places  to  b^^^e 
what  hitherto  was  called  granite.     The  colors  of  syenite  ar^^^^ 
gray  and  flesh  red.     Cleopatra's  needle  brought  from  Egyp^  ^^ 
and  placed  in  Central  Park,  New  York,  is  syenite. 

45.  Quartz  Syenite. — Quartz  syenite  is  the  syenites: — ^c 
of  America,  and  has  the  mica  of  granite  replaced  with  horn- — '  ' 
blende.  When  mica  and  hornblende  are  both  present,  the-^^^ 
rock  is  termed  syenite  grranite.  The  general  aspect  of  the  '^ 
rock  is  similar  to  granite. 

46.  Gneiss. — Gneiss  is  composed  of  the  same  minerals 
as  granite  and  often  grades  into  granite,  but  usually  the 
minerals  are  arranged  in  bands  so  as  to  give  it  a  very  differ- 
ent appearance.  Some  consider  the  gneissoid  granite  of  the 
earlier  periods  similar  to  the  gneissoid  granites  of  the  later 
periods,  which  are  probably  eruptive  rocks.  Even  if  this  is 
true,  they  will  fall  within  the  definitions  of  aqueo^igiieous 
rocks  so  long  as  they  do  not  contain  quartz  in  the  form 
of  glass.  

THEORY    OF    CLEAVAGE 

47.  To  account  for  the  banded  structure  of  gneiss,  some 
suggest  selective  agency — that  is,  that  minerals  of  the  same 
class  crystallize  by  themselves — and  this  theory  is  probably 
as  good  as  any.  To  account  for  the  flatness  of  small 
particles  in  gneiss,  as  well  as  their  parallel  arrangement,  the 
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theory  of  Sharp  and  Tyndall,  as  developed  by  Professor 
Ho  skins,  is  advanced.  This  theory  is  based  on  the  assump- 
tion that  cleavage  structure  is  produced  by  the  action  of 
great  compressive  forces,  which  would  cause  a  shortening  of 
the  rock  mass  as  a  whole  in  one  direction,  and  a  lengthening 
in  some  other  direction — or,  in  short,  mashing,  A  very 
close,  smooth,  slaty  cleavage  would  not  develop  in  a  coarse- 
grained schistose  rock  like  gneiss;  nevertheless,  the  same 
principles  would  apply.  In  Fig.  14  (a),  let  the  circles  repre- 
sent spherical  fragments  of  rock,  and  let  it  be  supposed  that 
th^     rock    is   under    such  conditions    that   it   flows  without 
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n.ap>t:xu'e.  In  case  there  is  a  shearing  strain,  as  shown  in 
Figf.  14  (^),  the  spherical  fragment  becomes  an  ellipsoid. 
If  tl-ie  process  of  shearing  is  continued,  the  ellipsoid  would 
be*  still  further  flattened,  and  its  major  axis  would  become 
more  nearly  parallel  to  AD,  Fig.  14  (r).  In  this  manner, 
thi^  banded  structure  of  gneiss  could  be  explained  as  well  as 
th^  cleavage  structure  in  some  other  finer-grained  schistose 
rocrl<s.  The  crystalline  schists  of  older  formations  are  prob- 
al^l  y  aqueo-igneous,  as  they  all  have  that  appearance  and  are 
F>x-oT)ably  cooled  under  pressure. 


AQUEO-IGNEOUS    FUSION    OF    SEDIMENTARY    ROCKS 

•48.     Factors  Entering  Into  Aqueo-Iprneoiis  Fusion. 

^^^  the  transformation  of  sedimentary  rocks  to  crystalline 
^^^c^ks,  not  only  must  heat  and  water  be  taken  into  account, 
^"^^t:  also  consolidation,  welding,  cementation,  injection, 
^^^^^tasomatism,    and    mashing.     Usually,    two    or    more   of 
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these  processes   act  together,  but  in   some  cases  no  one 
process  shows  greater  prominence  than  the  others. 

49.  Consolidation. — The  cause  that  produces  consoli- 
dation is  the  pressure,  which  prevents  aqueo-igneous  rocks 
from  cooling  fast,  and  forces  the  mineral  particles  of  all 
rocks  closer  together.  The  coherent  power  of  rocks  is 
particularly  efficient  in  rocks  composed  of  fine  particles. 

50.  Welding. — If  rocks  are  deeply  buried  in  the  zone  c^ 
flowage,  it  is  possible  that  the  particles  may  become  welde— ^ 

together  and  thus  form  a  crystalline  rock.     This  depth  woul ^^ 

vary  for  different  rocks;  that  welding,  however,  assisti^^^ 
consolidation  at  modern  depths  for  softer  materials  ca  -^^^ 
hardly  be  doubted. 

51.  Cementation. — It  has  been  shown  how  mineral  ^  ^^^ 
may  be  taken  up  by  underground  waters  so  as  to  soften  rocK  *=^^^ 
and  so  form  a  zone  of  flowage;  also,  that  changes  in  temper-""^^  '^' 
ature  and  pressure  and  some  other  causes  will  produce  pre-  -^=^' 
cipitation  of  the  minerals  in  solution.  Cementation  can  occui^  •^^ 
whenever  it  is  possible  for  mineral  solutions  to  circulatc^^  '^ 
between  the  interstices  of  the  rocks  in  the  zone  of  fracture.—  ^^' 
Of  these  mineral  cements,  the  most  important  are  quartz,    ^^  ' 

calcite,  ferrite,  mica,  feldspar,  fluorspar,  barite,  and  serpen- 

tine.  Many  other  minerals  act  as  cements,  but  their  impor-  ^ 
tance  is  small.  Quartz  is  most  important,  calcite  next,  and 
ferrite  third.  The  last  mineral  is  a  reddish  indeterminable 
substance  containing  more  or  less  hydrous  iron  oxide. 
Hematite,  limonite,  magnetite,  and  other  oxides  of  iron  are 
included  in  the  term  ferrite,  of  which  hematite  and  limonite 
form  the  most  abundant  cements. 

The  process  of  cementation  may  apply  to  all  porous  as  well 
as  fragmental  rocks,  and  minerals  from  extraneous  sources 
may  permeate  the  rock  through  and  through,  so  that  they 
predominate  in  some  cases,  although  in  others  they  are 
relatively  unimportant.  The  result  is  sometimes  a  complex 
structure,  the  places  between  the  original  minerals  being  filled 
by  flattened  or  foliated  matter  having  interlocking  mineral 
materials  between  the  laminae  or  leaves. 
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52.  Injection. — By  injection  is  meant  the  penetration 
of  rock  by  molten  magma.     Pure  igneous  injection  does  not 
usually  penetrate  surrounding  minerals  any  great  distance 
from  a  contiguous  mass  of  the  magma.     If  the  material  is 
injected  between  the  grains,  it  may  add  a  large  amount  of 
some  new  mineral.     For  instance,  if  in  a  mica  schist  a  feld- 
spar is  plentifully  added,  a  gneiss  could  be  formed.     If  the 
injections  were  parallel  to  regular  planes,  the  rock  would  be 
banded.     Observations   show  that   injection  is  particularly 
likely    to   occur   adjacent    to   igneous   material,    especially 
intrusive  rocks. 

53.  Cementation  and  Injection. — Rocks  of  a  coarse- 
grained granitic  structure  are  termed  pej^matites.  Their 
origin  has  been  the  subject  of  much  speculation,  and  Van  Hise 
thinks  that  in  some  cases  they  are  due  to  igneous  injection, 
in  others  to  aqueo-igneous  action,  and  in  still  others  to  pure 
-^^ater  cementation.  In  crevices,  the  secondary  minerals  inter- 
Xock;  in  the  larger  spaces,  they  may  have  a  coarsely  crystal- 
Xine  structure.  The  new  mineral  material  may  attach  itself 
to  old  grains  of  like  mineral  character,  or  it  may  be  deposited 
^s  independent  material.  Graphic  grranite  with  its  large 
c:rystals  is  a  pegmatite  that  may  have  been  produced  in  this 
sn[)anner.  But  there  is  no  reason  why  all  the  phenomena 
attendant  on  aqueo-igneous  fusion  should  not  accompany 
X)egmatization.  

AliTERATION  OF  ROCKS 


METASOMATISM 

54.  When  a  mineral  is  altered  into  other  minerals,  or  is 
"replaced  by  other  minerals,  or  is  recrystallized  without 
chemical  change,  the  process  by  which  the  change  takes  place 
is  termed  metasomatism.  As  a  result  of  such  changes,  a 
new  rock  may  give  variety  to  or  lose  variety  in  the  minerals 
composing  it.  The  alterations  of  mineral  particles  mentioned 
here  are  for  those  of  the  common  rock-forming  minerals. 

Quartz  does  not  alter  into  other  minerals,  although  it  unites 
with  other  compounds,  and  assists  in  the  modification  of 
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adjacent  minerals.     Quartz  is  silica  in  whatever  compound     it 
is  found. 

55.  Alteration  of  Feldspar. — The  feldspars  are  extera- 
sively  altered.  Some  of  the  more  common  alterations  are  ^s 
follows:     Feldspar  passes  into  quartz  and  muscovite,  tliSLt 

is,  mica,  the  secondary  muscovite  being  in  minute  flakes, 
and  the  rock  formed  often  being  called  serieite.  Feldspar 
passes  into  quartz  and  kaolinite,  that  is,  china  clay;  also, 
into  quartz  and  biotite,  and  quartz  and  chlorite.  These  alter- 
ations are  not  always  distinct  and  separate  in  the  same 
mineral,  and  out  of  the  same  granule  another  feldspar  ancl 
quartz  may  form;  that  is,  a  basic  feldspar  may  become  an 
acid  feldspar,  or  either  may  be  converted  into  feldsi>a^ 
different  from  the  original. 

56.  Amphibole  or  hornblende  may  alter  into  chlori.'^^* 
and  from  this  other  forms  develop.     Tremolite^  actinoli*^^' 
asbestos,  and  nephrite  are  light-colored  amphiboles;  wlB-i^^ 
cummingtonite,    hornblende,    and    bergamoskite   are    da^^*^* 
colored  amphiboles.     Biotite,  a  black  micaceous  substani^^^' 
may  result  from  hornblende.     The  micas  are  extensiv^^ 
produced  from  rock  materials  by  metasomatic  processes. 

57.  Calcite  and  Dolomite. — A  part  of  some  calcht--  ^^ 

minerals  may  be  replaced  by  magnesium,  and  dolomite  't^^^^'^ 
produced.  Carbon  dioxide  may  be  liberated  and  permit  th^^^^^-^^^ 
calcium  oxide  formed  to  unite  with  other  compounds.  C^^ 
\(  place  of  dolomite — in  case  there  is  loss  of  carbon  dioxic 
and  a  union  of  the  magnesium  and  calcium  oxide  with  silica- 
treinollte,  a  light-colored  calcium-magnesium  amphibol^^^ 
may  be  formed. 

58.  Ankerite  is  an  irou-calcium-magnesium  carbonates- 
occupying  a  position  between  dolomite  and  siderite.     By  its 
loss  of  calcium,  magnesium,  and  carbon  dioxide  and  its  gair^^^' 
of  oxygen,  hematite,  limonite,  and  some  other  iron  ores  ma]^ 
result.     From  siderite,  which  is  carbonate  of  iron,  magnet-' 
ite,  hematite,  limonite,  and  other  iron  compounds  could  h^ 
formed. 
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ALTEKATIONS    DUE    TO    CMMIIXTATIOX    AK0 
CONSOLIDATION 

S9,  &treii#tliof  Kock-CemeutluiT  Material* — Usually, 
eementation  wtn^ks  in  conjanctioo  with  coosolidatioiL  The 
relative  streoftfas  at  the  common  cementing  materials  are  as 
follows:  Iron  oxide  is  the  weakest  cement,  calcium  carbon- 
ate a  medinm  cement,  and  silica  the  strongest  of  the  three. 

H  60,  QuartzUef  ooe  of  the  most  important  of  rocks.  Is 
prodnced  by  rhe  cementation  process.  The  term  qnartsite  is 
applied  lo  sand&tooes  that  have  become  so  compact  that 
when  broken  the  fractures  pass  ihrongh  the  grains  and  not 
around  tbem.  As  an  exaggerated  case  of  this  description^  a 
piece  of  banket*  from  Johannesburg,  South  Africa,  is  shown 
iii  Fig.  15  (n).  The  Pottsville  conglomerate  ol  the  anthra- 
^^te  fields  in  Northeastem  Peonsylvanta  is  somewhat  similar 
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xu  this  respect,  although  not  so  strong,  A  specimen  of  it  Is 
shown  in  Fig.  15  (^).  Quartzite  in  the  main*  however,  is  of 
a  finer  texture,  and  differs  from  the  coo  glomerate  shown. 


34  GEOLOGY  §37 


ROCKS    MODIFIED    BY    METASOMATISM,    CEMENTATION, 
CONSOLIDATION,   AND    MASHING 

61.  Grits  and  Mudstones. — Thick,  bedded,  massi^^ 
rocks  produced  from  grits  and  mudstones  are  called  grc^^' 
wackes.     If  the  grit  is  composed  of  quartz  and  feldspar »  ^^ 
is  termed  arkose,  which  Dana  says  is  meaningless.     If  ^^^ 
original  rock  is  fine-grained,  it  receives  the  name  of  sla-tfii^i 
which  may  be  arenaceous  or  argillaceous. 

62.  Chert  and  JaspUite. — Chert  is  a  term  for  imp«--^re 
silicious  rocks  that  are  non-fragmental.     Ferruginous  ch^  '^^^ 
that  are  sometimes  termed  slates  have  been  formed  frci::^'^ 
iron-bearing  rocks.     When  the  silica  is  in  the  form  of  fin^^^y 
crystalline  interlocking  quartz,  each  grain  may  be  coatr=^e^ 
with  a  film  of  hematite,  thus  giving  it  a  red  color.     In  t^^^^^ 
case  a  banded  iron  oxide  and  jasper,  called  Jaspilite,  is  pr=^o- 
duced.     The    rock   is    found  in   the  iron  regions  of   La— ^^® 
Superior  and  in  the  West. 

63.  Hornblende    schist   may   be   produced    from  ^^ 
impure  dolomite  or  ankerite.     In  the  alteration  of  an  augi    -Stic 

*  rock,  hornblende  schist  is  sometimes  produced.  This  ij*^— ^  * 
common  rock  in  the  metamorphic  series  of  the  Appalachi-S^i^^ 
region. 

64.  Marble. — Limestone  may  be  changed  to  marb^^^^^* 
The  transformations,  so  far  as  crystallization  is  concerned  c^» 
is  pot  surprising,  as  limestone  forming  in  warm  localities  -^  ^^ 
the  present  time  with  the  assistance  of  water  assumes -^^  a 
granular  crystalline  structure.  Dynamic  action  and  me  ^=^ta- 
morphic  action  also  produce  crystallization  in  limesto^«=ne. 
Recrystallization  is  perfected  according  to  the  depth  at 
which  the  limestone  has  been  buried. 
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BOCKS    MODIFIED     BY    MASHING,     INJECTION* 
CEMENTATlfiN,    ANl>    CONSOWDATION 

65.  Quartz  scbistH  are  produced  from  quar twites,  by 
feementation  and  metasomatism*  All  stages  of  the  changes 
)iRt  take  place  may  be  seen  in  a  reg^ion  not  too  strongly 
bided.  The  mineral  particles  have  a  tendency  to  parallel 
Irrangement,  and  in  proportion  as  this  tendency  appears  the 
rock  passes  from  quartzite  to  quartz  schists- 

The  chief  constituents  of  slate  are  usually  quartz  and  feld- 
fpar.  Feldspar  alters  into  mica  and  quartz,  and  from  a  g^rain 
)f  feldspar  many  individual  interlocking  minerals  of  quartz 
lod  mica  are  introduced  into  slates.  The  mineral  particles, 
especially  mica,  have  welUdeveloped  parallel  crystals,  with 
Hheir  longer  axes  and  cleavage  in  a  common  direction.  As 
inashing  continues  *  the  rock  may  become  schishset  and  as 
cnetasomatism  progresses  it  finally  passes  into  fnua  schisi. 

In  the  case  of  graywackes,  the  alteration  of  the  feldspar 

^ay  produce  quarts  and  chlorite  instead  of  quartz  and  mica, 

;n  which  case  a  chlorite  schist   is   produced*     Also,  from 

olcanic    rocks,    which    are    likely    to    contain    considerable 

(pyroxene  and  basic  feldspar,  chlorite  schists  are  abundantly 

developed. 

When  completely  crystalline  rocks  result  from  metasoma* 
tism,  they  have  a  laminated  or  schistose  structure. 


VOI.CANIC  ROCKS 


ERUPTIVE    AND    INTRU9ITE    ROCKS 

66*  General  Characterl Biles. — Igneous  rocks,  which 
are  ejected  from  volcanoes  or  through  rents  m  the  litho- 
ipbere.  are  distinguishable  from  aqueo- igneous  rocks  if  their 
quartz  is  m  the  glassy  form.  It  is  stated  by  some  geologists 
that  there  are  all  graduations  between  igneous  eruptive  and 
flqueo-igneous  eruptive  rocks,  and  that  undoubtedly  some 
i^ranites  are  of  true  igneous  origin.  It  is  admitted  that 
granites  may  be  eruptive;   it  is  known  also  that  they  are 
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intrusive.  Unless,  however,  they  show  distinctly  the  gflassy 
form  of  quartz  due  to  fire,  they  may  be  considered  as  aqueo- 
igneous.  It  is  usual  to  state  that  the  glassy  or  amorphous 
form  of  eruptive  rocks  is  due  to  quick  cooling,  and  that  the 
crystallized  rocks  have  been  cooled  slowly.  From  furnace 
slag  it  may  be  observed  that  the  acid  slags  are  vitreous, 
while  the  more  basic  slags  do  not  show  so  much  glass. 
This  peculiarity  extends  to  furnace  slags,  whether  they  are 
cooled  quickly  or  slowly.  If,  however,  they  are  run  into 
cool  water,  they  granulate  and  their  specific  gravity  is  much 
less,  owing  to  air  cells  created  by  the  steam  expanding. 
The  slag,  however,  remains  glassy  on  quick  cooling,  and 
in  many  instances  resembles  scoria  and  pumice  in  structure. 
The  malpais  of  New  Mexico  is  undoubtedly  eruptive,  and 
shows  air  cells;  but  it  is  not  glassy  like  obsidian,  which 
would  class  it  as  aqueo-igneous. 

67.  Texture  of  Volcanic  Rocks. — Volcanic  rocks 
usually  have  a  fine  texture,  although  there  are  many 
coarse-grained  and  vesicular  rocks  among  them,  as  well 
as  ashes  and  breccia.  Their  structure  is  at  times  amor- 
phous and  glassy,  showing  no  gradations  or  crystallization. 
Volcanic  rocks  consist  for  the  most  part  of  some  form  of 
feldspar  with  hornblende  or  pyroxene.  The  rocks  have 
almost  any  shade  from  white  to  black,  but  are  usually  drab 
or  gray.  Often  they  are  porphyritic,  showing  no  indications 
of  quartz  until  pulverized,  the  ground  mass  being  very  fine 
and  close,  with  feldspar  or  other  crystals  prominent,  although 
small  in  size. 

68.  Acid  Rocks. — Volcanic  rocks  are  divided  into  two 
subclasses;  namely,  acid  and  basic.  The  acid  rocks  contain 
sanldlii,  which  is  the  name  given  to  the  glassy  potash  feld- 
spar found  in  rocks  of  this  description.  They  are  often 
light-colored,  contain  considerable  silica,  and  have  a  high 
fusion  point.  Dana  places  the  fusion  point  of  acid  rocks 
between  2,700°  F.  and  3,100°  F.,  and  states  that  some  of 
them  are  viscid  or  only  partly  fluid,  even  at  the  latter 
temperature. 
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69*     The  basic  rocks  contain  little  silica,  are  dark  and 
heavy,  consisting  mostly  of  a  lime  and  a  soda  feldspar  termed 
iabradoriie.    The  fusion  point  of  this  class  of  rocks  Dana     / 
places  at  2,250^  F. 

70-  Neutral  Rocks. — A  third  group  of  rocks »  holding 
an  intermediate  position  between  acid  and  basic  rocks  in 
regard  to  specific  gravity  and  the  percentage  of  silica,  are 
known  as  neutral  rocks.  The  fusibility  of  these  rocks  is 
placed  by  Dana  at  2,520°  F/  They  consist  chiefly  of  horn- 
blende and  a  soda-lime  feldspar  such  as  oligoclase. 
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ROCKS  OF  THE  ACID  GROUP 

71.  Trachyte  is  not  common  in  North  America,  and 
where  found  is  usually  of  a  light  color,  varying  from  an  ash 
gray  to  a  brownish  gray.  The  ground  mass  is  glassy  sanidin, 
and  has  as  accessory  minerals  small  needles  of  hornblende » 
scales  of  biotitCt  magnetite,  and  augite.  Various  names 
have  been  given  to  this  rock,  according  to  the  mineral  that 
predominates  or  to  some  accessory  mineral  observed  in  its 
composition.  Owing  to  the  forms  of  the  glassy  feldspar  and 
the  porosity  of  the  rock  it  has  a  harsh  rough  feeling  to  the 
fingers^ — hence  its  name,  which  means  '* rough,** 

72*  Rhyollte,  or  quartz  trachyte,  takes  the  {dace  of 
trachyte  in  Araerica*  the  latter  being  more  common  in 
Europe.  Rbyolite  is  similar  in  feeling  and  composition  to 
trachyte*  but  contains  more  silica.  The  structure  is  also  at 
times  coarse,  and  the  crystallisation  fairly  developed.  The 
silica  ranges  from  72  to  82  per  cent.  Rhyolite  is  abundant 
west  of  the  Rocky  Mountains,  where  numerous  varieties  are 
found,  one  of  which — lexm^d  pea riyte,  because  of  its  enamel- 
like look  and  pearly  luster — is  particularly  worthy  of  mention. 
Rhyolite  is  ^aid  to  be  saniiueims  at  times;  that  is,  it  contains 
large  cells  due  to  the  escape  of  gas  from  the  rock.  General 
Grant's  sarcophagus,  in  New  York,  and  the  monument  to 
the  Iron  Brigade,  at  Gettysburg,  Pennsylvania,  are  made  of 
Wisconsin  rhyolite. 
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73.  Phonolite. — Clinkstone  is  the  name  sometimes 
given  to  phonolite,  on  account  of  its  peculiar  ring  when 
struck  with  a  hammer.  Phonolite  is  usually  of  a  light- 
gray  color  with  a  spotted  appearance,  shading  from  pale 
green  to  bluish  gray.  It  breaks  in  thin  tile-like  slabs,  which 
feature  will  distinguish  it  in  the  field  from  rhyolite.  Another 
distinguishing  feature  is  the  absence  of  roughness  when 
handled.  Recently,  this  rock  has  come  into  prominence  in 
North  America,  due  to  its  being  associated  with  the  rich 
ores  of  Cripple  Creek,  Colorado.  The  American  rock  does 
not  have  the  same  ring  as  the  European. 

The  ground  mass  of  phonolite  is  sanidin  and  nepheline, 
but  it  contains  sometimes  as  accessory  minerals  hornblende, 
titanite,  and  pyrite.  Nepheline  is  a  complex  mineral  that 
can  be  distinguished  by  its  becoming  cloudy  in  acid;  the 
expression  is  derived  from  a  Greek  word  meaning  **a  cloud.*' 

74.  Obsidian  is  a  true  volcanic  glass,  varying  in  color 
from  gray  to  brown  and  black.  It  has  substantially  the 
same  composition  as  rhyolite,  but,  on  account  of  its  vitreous 
and  amorphous  appearance,  is  not  easily  mistaken  for  other 
rocks.  Sometimes,  needle-like  bodies  that  are  only  discern- 
ible by  close  observation  are  found  in  the  rock.  Large 
masses  of  obsidian  are  found  in  Yellowstone  Park,  Wyoming, 
as  well  as  in  Mexico  and  New  Mexico. 

75.  Pumice  is  a  drab-  to  gray-colored  rock,  containing 
from  70  to  78  per  cent,  of  silica.  It  is  a  finely  scoriaceous 
variety  of  obsidian,  so  filled  with  cells  containing  air  that  it 
will  float  on  water. 

76.  Scoria  is  a  light-colored  cellular  obsidian. 


ROCKS    OF    THE    BASIC    GROUP 

77.  Basalt  has  a  vitreous  ground  mass,  and  is  dark  and 
very  close-grained.  That  portion  which  is  exposed  to  the 
weather  becomes  a  rusty  brown  color.  It  is  one  of  the  most 
common  kinds  of  igneous  rock,  and  is  peculiar  inasmuch  as 
it  takes  the  columnar  and  crystalline  form  shown  in  Fig.  16. 
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Its  chief  constituents  are  labradoritei  olivine,  augfite,  and 
magnetite.  Analysis  gives  52  per  cent,  of  silica.  Basalt  is 
often  mentioned  as  a  trap  rock,  because  it  breaks  in  step- 
shaped  benches  in  cliffs. 
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78.  AndesUe  contains  a  lime-soda  feldspar  termed 
andesine  or  andeslte,  associated  with  mica  and  hornblende. 
It  consists  of  a  vitreous  g^round  mass  of  various  colors,  bnt 
usually  is  a  dark  greenish-gray  rock.  The  andesite  to  the 
vicinity  of  Cripple  Creek,  Colorado,  has  a  purple  hue.  It  is 
slightly  crystalline  and  close-grained,  although  at  times  it. 
is  mottled  and  could  be  called  porphyriiic*  One  variety  is 
termed  andesite  tufa,  it  having  a  coarse-grained  structure. 
Another  variety  is  termed  andesite  breccia,  or  old  con- 
glomerate; still  another  variety  is  banded, 

79.  Dolerite  is  very  similar  in  composition  to  basalt 
and  andesite.  In  texture,  it  varies  from  fine-grained  to 
scoriaceous.  It  consists  of  labradonte  and  pyroxene,  with 
olivine  and  magnetite  in  minute  grains  as  accessory  min- 
erals. The  color  grades  from  dark  gray  to  greenish  black. 
This  rock  is  frequently  intrusive,  and  with  the  other  rocks  of 
the  basic  group  is  termed  trap. 
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METAMORPHIC  ROCKS 

80.  Definition. — According  to  the  scheme  followed, 
aqueo-igneous  rocks  differ  from  igneous  rocks  in  the  method 
of  formation.  Between  these  extremes  there  are  rocks  that 
have  been  changed  by  heat.  Such  rocks  are  of  secojidary 
nature;  that  is,  they  have  been  formed  from  older  rocks,  and 
then  crystallized — either  by  their  nearness  to  eruptive  rocks, 
by  the  injection  of  heated  waters,  or  by  movements  of  the 
strata.  Metamorphism  in  geology  means  the  change  that 
takes  place  in  rocks,  due  to  recrystallization  of  the  constituent 
particles,  either  with  or  without  alteration  in  the  chemical 
composition  of  the  mass.  Heat,  mineral  waters,  chemical 
affinity,  and  pressure  are  the  chief  factors  in  the  process. 
In  a  broad  sense,  it  has  been  used  to  cover  the  alteration  of 
rocks  by  all  processes;  but  is  here  restricted  to  changes  pro- 
duced by  such  processes  as  have  not  been  defined  as  directly 
volcanic  or  aqueo-igneous. 

81.  Causes  of  Me  tarn  or  ph  Ism. — The  heat  necessary 
for  metamorphism  may  have  resulted  from  movements  of 
the  strata,  from  the  heat  of  liquid  rock  intruded  from  below, 
or  from  the  heat  of  the  earth  by  normal  increase  due  to 
depth.  In  the  chemical  changes,  water  is  the  menstruum 
through  which  most  of  the  transformations  were  made,  as  it 
carries  materials  from  one  place  to  another,  thus  changing 
the  composition  of  great  masses  of  rocks. 

82.  Processes  of  Metamorphism. — The  chief  proc- 
esses considered  in  the  transformation  of  sedimentary  rocks 
were  consolidation,  welding,  cementation,  injection,  meta- 
somatism, and  mashing.  Usually,  more  than  one  of  these 
processes  will  act  together,  but  in  some  cases  one  or  even 
two  may  be  more  instrumental  than  the  others  in  performing 
the  work.  The  same  processes  are  applicable  to  meta- 
morphism, and  the  same  character  of  rocks  may  be  changed 
by  the  processes;  consequently,  with  two  exceptions,  they 
will  not  be  repeated. 
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83,  MetasomatistD  comes  into  action  in  metamorphism, 
as  the  latter  covers  recrystallization.  In  the  case  of  the 
silicificatioa  of  rocks,  silica  in  solution  may  decompose  the 
silica  that  is  within  the  interstices  of  rocks,  and  there  may  be 
a  replacement  of  other  minerals  by  siHca.  In  realityi  this  is 
a  combination  of  the  cementation  and  metasomatic  processes. 

Among  the  basic  sedimentary  rocks,  serpentine  develops 
in  a  manner  similar  to  that  described  for  silica.  Material  for 
serpentine  may  come  from  an  extraneous  area  of  serpentine 
rocks, 

84.  Strooture  of  Metasoinntlc  Hocks. — ^11  the  con- 
ditions of  pressure  are  unequal,  the  arrangement  of  minerals 
will  be  such  that  their  shortest  diameter  will  be  in  the  line  of 


Fig.  17 


other  micas  form  under  such  conditions^  and  usually  so 
iiiterform  among  themselves  that  their  crystals  interlock* 
CHtstng  the  rearrangement  of  some  minerals  by  metasomatic 


Fig,  18 

X>roce9ses,  large  individual  minerals  may  develop  in  the  inter- 
spaces between  other  minerals,  often  enclosing  the  latter  or 
^Ise  absorbing  the  material  of  which  they  are  composed*     A 
,  single  mineral  of  this  kind  may   be  larger  than  hundreds 
I  «>f  others  adjacent.     This  change  in  particles  probably  gives 
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to  rocks  their  porphyritic  appearance;  and  as  this  class  of 
rocks  shows  no  evidence  of  pressure,  it  is  probable  that  they 
developed  after  strong  pressure  had  ceased. 

Porphyritic  minerals  sometimes  make  their  appearance 
according  as  the  degree  of  metamorphism  increases.  In 
feebly  metamorphosed  rocks  the  andalusite  mineral  cliias- 
tollte  appears  first.  The  crystals  of  this  mineral,  Fig.  17, 
show  a  crossed  or  checkered  appearance  when  broken  across. 
Chiastolite  is  frequently  found  in  cleavable  slates. 

As  metamorphism  becomes  a  little  more  intense,  grarnet 
is  found.  This  mineral  may  be  abundant  in  the  mica  slates. 
Crystals  of  garnet  are  sometimes  quite  large,  and  take  the 
forms  shown  in  Fig.  18. 

Staurdllte,  shown  in  Fig.  19,  develops  as  metamorphism 
increases,  and  with  garnet  is  sometimes  abundant  in  the 
mica  schists.  Chlorite  and  feldspar  may  also 
appear,  but  probably  a  little  later  than  stauro- 
lite;  and  these  may  be  followed  by  cyanite, 
which  is  a  light-blue  species  of  andalusite. 
The  latter  minerals  are  particularly  charac- 
teristic of  mica  schists  and  mica  gneisses. 
In  the  extreme  stage  of  metamorphism,  horn- 
blende and  mica  are  abundant.  Tourmaline  is  found  in  a 
somewhat  advanced  stage  of  metamorphism,  and  is  often 
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present  in  schists  adjacent  to  intrusions,  when  it  is  formed  in 
various  colors  and  has  the  shapes  shown  in  Fig.  20. 

85.  Mashing,  in  the  sense  in  which  it  is  used  here, 
means  the  spreading  out  of  mineral  grains,  thus  forming 
laminated  or  foliated  schists,  with  a  regular  alternation  of 
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ID  metals  of  different  kinds.  If  the  original  rock  was  a 
coarse  conglomerate*  and  metamorphism  was  complete^  each 
pebble  would  make  a  lamina  of  a  different  kind  from  those 
adjacent,  and  thus  gives  the  rock  a  banded  character.  When 
mashing  occurs,  probably  consolidation,  welding,  cementa- 
tion, injection,  and  metamorphism  are  more  active  than 
under  other  conditions. 

86.  Metamoriihls^m  In  General, — It  is  impossible  to 
consider  all  the  metaniorphic  forms  of  sedimentary  rocks, 
as  that  could  only  be  done  in  an  exhaustive  treatise;  in 
generaU  however,  when  completely  crystalline  rocks  result 
from  the  metamorphism  of  sediments,  they  have  a  laminated 
or  schistose  structure.  Quartaite  is  an  exception,  but  quartz 
schist  comes  under  this  definition.  Marble  seems  to  be  a 
completely  granular  rock  produced  from  a  sediment.  The 
difference  between  the  schists  of  ordinary  metamorphosed 
beds  and  marble  is  probably  idue  to  the  fact  that  calcium 
carbonate  readily  recrystallizes  after  dynamic  movement  has 
ceased;  as  a  rule,  this  is  not  the  case  with  other  minerals. 
The  Adirondack  marbles  sometimes  contain  fragments  of 
goeiss  that  show  strongly  the  effects  of  dynamic  action; 
while  the  crystals  of  calcite  show  no  strain  effects.  By 
strain,  as  used  here,  is  meant  any  definite  alteration  of  form 
or  dimension  produced  in  a  solid  by  the  action  of  stress; 
this  alteration^  or  deformation,  may  be  either  temporary  or 
permanent* 

87.  Local  Metamorphism* — When  heated  magmas 
are  intruded  in  fissures  formed  in  sedimentary  rocks,  or 
are  injected  between  beds  of  sedimentary  rocks,  local  meta- 
morphism occurs,  due  to  the  intense  heat  and  such  solutions 
as  accompany  the  phenomena.  Such  local  met  amorphic 
effects  extend  but  a  few  feet  away  from  dikes;  while  on 
the  other  hand  the  metamorphism  may  extend  over  a  wide 
area  when  it  is  a  case  of  injection.  Another  cause  for  local 
metamorphism  arises  from  volcanic  overflows  of  molten  lava, 
which  spread  over  rocks  and  effect  a  change.  In  some  cases, 
the  conditions  are  such  that  lavas  produce  scarcely  any  change; 
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as,  for  example,  in  California,  where  the  ancient  river  beds 
of  gravel  are  capped  with  lava. 

88.  Dynamic  Metamorphlsm. — Although  simple  pres- 
sure resulting  from  the  weight  of  the  strata  will  not  cause 
heat,  it  is  evident  that  the  tangential  stress  that  ruptures 
rock  will  cause  heat  by  the  conversion  of  stress  into  energy 
and  so  into  heat.  In  examining  the  deformations  of  the 
lithosphere,  the  geologist  finds  abundant  evidence  that 
metamorphism  has  occurred  through  dynamic  causes. 
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FORMATION    OF    SEDIMENTARY    ROCKS 

89.  Sources  of  Material. — Sediment  is  that  material 
which  settles  from  water,  and  in  this  discussion  the  term 
applies  only  to  rocks  thus  formed.  The  greater  part  of  the 
material  from  which  sedimentary  rocks  have  been  formed 
and  are  being  formed  comes  from  the  disintegration  of  rocks 
that  existed  before  them  and  that  may  be  called  the  primary 
rocks.  Another  kind  of  sedimentary  rock  has  been  formed 
by  the  precipitation  of  calcium  carbonate  held  in  solution; 
and  similar  rocks  have  been  formed  through  the  agency  of 
life  that  existed  in  seas  and  lakes.  A  third  class  of  sedi- 
mentary rocks,  because  formed  under  water,  comprises 
those  whose  entire  mass  is  presumed  to  be  derived  from 
vegetable  growth.  Bituminous  rocks  and  shales  are  also 
widespread,  but  it  is  questionable  whether  they  are  formed 
charged  with  bituminous  matter  as  now  found.  It  is 
believed  that,  in  some  cases,  they  were  impregnated  with 
bituminous  matter  after  sedimentation  and  possibly  consoli- 
dation; however,  in  the  case  of  bituminous  shales  highly 
charged  with  hydrocarbons,  it  is  difficult  to  satisfy  this 
supposition. 

90.  Sandstones. — The  term  fragmental  is  applied  to 

sandstones  because   they   are  made   up  of   sandy  particles 
cemented  together.     Such  rocks  as  sandstone  will  have  all 
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degrees  of  fineness  and  coarseness,  as  well  as  strength. 
The  cementing  material  is  usually  quartZi  ferrite,  or  calcite, 
or  it  may  be  a  mixed  cement.  If  the  rock  is  made  up  of 
pebbles  or  ang:u]ar  fragments  of  rock  of  any  kind*  it  is 
termed  a  coiiglomerate.  If  the  pebbles  are  rounded,  it  is 
termed  a  pudding  siane;  if  they  are  angular,  it  is  termed  a 

91*  Freestones. — Sandstones  that  split  into  slabs,  such 
as  the  blues  tones  of  the  Hudson  River,  are  well  known,  from 
their  use  as  pavements.  Others^  such-  as  the  Connecticut 
brownstones.  are  well  known  in  the  vicinity  of  New  York 
City,  as  many  of  the  house  fronts  are  constructed  of  this 
material. 

Near  Berea,  in  Cuyahoga  County,  Ohio,  there  is  a  light- 
colored  fine-grained  sandstone  that  is  easily  cut  and  dressed 
when  first  quarried.  Alter  the  stone  has  lost  Its  quarry 
w^ater  it  becomes  quite  hard*  Such  stones  are  included 
under  the  general  name  of  freestones > 

92*  Grits- — Hard  silicious  sandstones  that  are  even- 
grained  and  not  coarse  enough  to  be  classed  as  conglom- 
erate are  termed  grrlts.  What  is  known  as  the  PQitsviile 
£onghm€rate  in  the  anthracite  regions  of  Northeastern  Penn- 
sylvania becomes  a  millstone  grit  in  some  bituminous  coal 
field  Sp  and  is  the  lower  stratum  of  the  lower  productive 
coal  measures. 

93*  CotiglomerateB  are  coarse  sands tones«  so  far  as 
their  constituents  are  concerned.  In  some  cases  they  are 
made  up  of  quarts  pebbles,  and  at  other  times  of  argilla- 
ceous pebbles.  The  cementing  material  also  diflFers,  as  in 
the  case  of  limestone. 

94 •  A  sliale  is  a  soft,  fragile,  argillaceous  rock,  having 
an  uneven  slaty  structure*  Shales  have  various  colors,  from 
^ray  to  black,  including  red  and  green.  Virtually,  shale  is 
«2onsolidated  mud* 

95-  ArKlHfte^  or  true  slate»  is  a  sedimentary  rock  that 
faas  been  metamorphosed*     It  is  quite  hard  and  brittle,  and 
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cleaves  readily,  so  that  it  may  be  worked  up  into  roofing 
slates  or  slabs  for  various  useful  purposes. 

96.  Tufa  is  a  sedimentary  rock  made  from  volcanic  or 
igneous  rock.  The  colors  are  usually  from  yellowish  brown 
to  red.  The  texture  is  loose,  and  varies  from  fine  to  coarse 
conglomerate. 

97.  Earths. — Sand  is  broken  rock  material,  usually 
consisting  of  quartz  particles  mixed  with  feldspar;  other 
minerals  are  frequently  mixed  with  it,  such  as  garnet,  mag:- 
netite,  mica,  etc. 

Volcanic  Hand  is  composed  of  cinders  ejected  from  vol- 
canoes and  reduced  in  size. 

Gravel  is  a  sand  mixed  with  pebbles  and  stones. 

Green  sand  is  an  olive-green  sand  mixed  with  grains 
of  glaueonite,  the  latter  consisting  of  green  grains  com- 
posed mostly  of  iron  and  potassium.  Its  high  specific 
gravity  is  somewhat  of  a  distinguishing  feature,  as  well  as 
its  color. 

Clay  is  a  soft  impalpable  more  or  less  plastic  material. 
It  is  chiefly  aluminous  in  composition.  If  it  does  not  burn 
red  it  may  be  considered  kaolin,  or  patterns  clay.  Fireclay, 
which  is  drab  in  color,  contains  some  mineral  that  gives  it  a 
yellowish  color  when  burned,  and  is  consequently  not  fitted 
for  pottery.  Ordinary  brick  clay,  which  may  be  bluish 
before  being  burnt,  turns  red  owing  to  the  iron  oxide  with 
which  it  is  associated.  All  brick  clays  do  not  burn  red,  but 
still  are  unfitted  for  pottery  clay. 

Alluvium  is  an  earthy  deposit  made  by  running  streams, 
especially  during  times  of  floods. 

Silt  is  the  mud  deposited  in  bays  or  harbors. 

Jjoess  is  a  fine  yellowish  clay  or  loam  or  even  angular 
particles  of  sand  deposited  chiefly  along  rivers. 

Till,  possibly  better  known  as  hard  pan,  is  unstratified 
sand,  gravel,  and  stones  with  more  or  less  clay.  It  is  usu- 
ally overlaid  with  soil. 

Soil  is  clay,  quartz  sand,  and  other  particles  of  rock  mate- 
rial, mixed  with  decomposed  animal  and  vegetable  matter. 
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X^oam  is  composed  of  sand  having  calcareous  parliclet 
ixed  with  more  or  less  soil  as  a  top  drctising. 
Detritus  is  the  name   applied  to  all  earthy  and  nandy 

Materials  derived  from  the  vvearing  away  of  rocks  by  ninning 

irater. 

98.     Dtatomacootts  Earth. — Trlpollti?  resembles  clay 
Or  chalk  in  appearance,  but  is  harsh  and  scratche**  gla«s.     It 

R'stB  mostly  of  the  minute  siHcious  shells  of  cllntamw. 
alite,  which  is  also  termed  Infiisnrtiil  i*artli,  enlntn  in 
t  quantities  in  some  local ities»  usually  beneath  fH-rtt 
,  and  again  as  slaty  or  amorphous  rock.  It  ih  lo  fme 
hat  It  can  easily  be  taken  for  clay  and  rotten  »itone  unlemi 
examined  under  the  microscope- 


UMBrrOHE    rORMATI01i9 

90*  Classes  of  Lliiieittoiie. — LI  incnton^m  are  divided 
uto  the  crystalline  and  the  maiistve  varietiei.  Both  are 
compo&ed  of  calcium  carbonate;  but  one  ^eeiiiK  to  have  be4fn 
deposited  is  a  pure  state,  while  the  other  c^jtitaina  cnimeroni 
ihells  and  often  other  minerals. 

100«  MmmmlTc  Llmestoiie. — Mmmmiwe  Hn$mmumm  h 
Biyinj  oe»CDptact  and  vaifes  from  dnH  graf  to  Mack  in  cakir. 
I  ooosisu  of  cafbooafie  of  Itose,  witb  iOfne  dajr  or  fdiid. 
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cemented  together-    A  coarse  shell  limestone  is  shown  ini 
Fig.  21. 

101  •     Magrnesiutn  limestone,  or  dolomite,  consists  of 

carbonate  of  calcium  and  magnesium.  In  some  limestones 
the  shells  are  niagnesian,  while  the  rock  is  pure  Hmestoae> 
This  stone  at  times  cot3 tains  zinc,  lead,  and  silver  minerals; 
it  also  finds  use  in  metallurgy  as  a  basic  flux  and  as  a  basic 
refractory  furnace  lining* 

102.  Hj^draulle  limestone  contains  carbonates  of  lime 
and    magnesia,    silica,    alumina,    and    a    little    iron    oxide* 
Ifydraullc   eenient    made    from    this    limestone    has  the 
property  of  setting  or  hardening  under  water  after  being 
burned,  sintered,  and  pulverized.     Portland  ceiucet  is  an 
artificial  cement.     Hydraulic  limestone  from  Rondout,  Ne^vff  | 
York,  and  from  which  Rosendale  cement  is  manufactured^    is 
magnesian   limestone,  containing,   in  addition   to   lime  ar^«i 
magnesia,  15.37  per  cent,  of  silica,  9.13  per  cent,  of  alumins^' 
and  2,25  per  cent,  of  ferrip  oxide.     Its  hydraulic  properii^^ 
depend  on   the  clay  mixture  of  silica  and  aluniina  in  tt*^ 
magnesian  limestone,  / 

103.  Varionfs  l^lmestones. — Chalk  is  a  white  eart^^ 
limestone. 

Marl  is  a  clay  containing  a  large  proportion  of  carbon ^^ 
of  lime*     The  green  sands  near  Freehold,  New  Jersey*  ^'  *^ 
called  marls,  and  are  used  as  fertilizers^  they  are,  howeV^^  * 
composed  mostly  of  glauconite. 

Coral   limestone   is  built   up   by   little  coral    anira^-  *    ' 
There  are  large  and  dangerous  coral  reefs  in  the  tropi  *^ 
seas,  and  between  Key  West,  Florida,  and  Cuba.     Hav^*^  ■ 
is  built  on  a  coral  reef* 

Travertine  is  a  massive  limestone  formed  by  the  depc^' 
tion  from  calcareous  springs. 

Stalactites  and  stn!airmltcs  are  deposited  by  calcii^^ 
bearing  waters  in  limestone  caverns.     Fig,  22  is  a  sect!* 
illustrating  a  limestone  grotto^  in  which  a  is  the  entranc^^' 
^  are  stalactites  hanging  from  the  roof;  c  are  stalagmite ^ 
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g^^^'winz  upwards  from  the  floor;  and  dis  a,  pillar  formed  by 
g^^lfigmites  and  stalactites  meeting. 

^04«  Crystalline  limestone,  termed  granular  lime- 
stirr^^  and  marble,  is  of  all  shades  and  colors.  Sometimes,  it 
is  ^i-  pure  white  or  a  blue  black;  again,  it  may  be  banded, 
mo  "t tied,  or  variegated.  The  colors  are  derived  from  min- 
ersils  or  oxides  of  metals  in  the  vicinity  of  the  rocks.  Crys- 
tal liue  limestones  are  termed  metamorphic,  although  there 
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are  instances  of  their  forming  away  from  heat.  Taconic 
inarl:>le,  found  in  Vermont  and  elsewhere,  has  the  appear- 
ance of  onyx,  and  is  quite  valuable.  In  Kentucky,  onyx  lime- 
stone occurs  in  the  formation  known  as  St,  Louis  limestone. 
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ATMOSPHERIC   AGENCIES 

105.  Composition  of  the  Atmosphere. — The  gase 

matter  surrounding  the  earth  is  termed  the  atmosphere,    It^  ii 

supposed  to  be  50  miles  high  and  to  exert  a  pressure  ol 

14.7  pounds  per  square  inch  on  objects  at  sea  level  w-g-    "^y 
the    temperature   at  32°   F.  or  0°  C,  and   a  pressure 
30  inches  or  750  millimeters  of  mercury.     The  compositl 
of  the  atmosphere  is  chiefly  nitrogen  and  oxygen,  with  sm 
quantities  of  watery  vapor  and  carbon  dioxide.     The  act£ 

agents  in  the  atmosphere  that  produce  changes  in  rocks  a^ i 

oxygen,  carbon  dioxide,  and  moisture. 

106.  Weathering. — All  exposed  rocks  are  subject 
atmospheric  influences,  and,  if  they  are  carefully  examin 
practically  all  of  them  will  be  found  more  or  less  crack 
scarred,  seamed,  and  pitted  with  small  openings,  which 
allow  water  to  percolate  through  or  otherwise  affect  th 
The  circulating  water  may  contain  some  acid  in  soluti  i  ■  u, 
which  will  either  eat  away  the  rock  or  leave  it  in  such  c^zz^n- 
dition  that  oxygen  may  affect  it  until  by  the  combir^  ^d 
actions  of  water  and  air  the  rock  falls  apart.  This  <zi  :is- 
integration  of  rock  produces  soil,  which  may  be  formed  frcz^m 
the  rock  where  the  soil  is  found,  or  from  rock  partioH  <s 
transported  to  their  present  location  by  wind  or  water. 

107.  Process  of  Disintejjrration. — Almost  all  rocXfs 
contain  mineral  matter,  which  may  be  dissolved  by  wa^  ^r 
or  by  solutions  containing  acid  or  alkaline  compounds,  tli  «JS 
leaving  the  insoluble  portions  of  the  rock  as  soil.     Cert  a.  "in 
metallic  sulphides  when  alternately  acted  on  by  water  arad 
the  oxygen  of  the  air  become  changed  into  oxides  of   tine 
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same  metals.     The  sulphur  is  converted  into  sulphuric  acid 
that  attacks  other  elements,  forming  soluble  or  insoluble 
sulphates.     This  explains  the  change  that  has  taken  place  in 
the  outcrop  of  most  mineral  veins*  and  accounts  for  the 
absence  of  sulphide  ores  near  the  outcrop  of  some  metallic 
beds  and  veins- 
Quartz  is  practically  unaffected  by  atmospheric  asrencies 
on  the  surface »  although  it  is  acted  on  to  some  extent  by 
underground  waters.     Mica  is  slightly  attacked  and  changes 
very  slowly.     Feldspar  is  composed  of  a  soluble  lime-soda- 
potash  material  that  will  dissolve  and  leave  the  insoluble 
silicate  of  alumina  as  kaolin.     As  pegmatites  are  largely 
Icemen  ted  by  feldspar,  their  disintegration  will  occur  slowly 
f^'hen  exposed  at  the  surface.     Eruptive  rocks  are  decom- 
Ifkosed  in  a  similar  manner. 

The  cementing  materials  of  limestones,  sandstones,  and 
lates  are  so  acted  on  by  weathering  that  they  sometimes 
isintegrate  quite  rapidly. 

108.     Boulders  of  Disintegration-— Where  the  soil  is 
onned  by  the  disintegration  of  rock  in  place,  the  harder 


^ 


T 
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;  ci  maieml  sre  wknrer  m  falHiif  to  pieoes,  and  heace 
foni}  boiildeFs  of  dlsmiegratiaiit  mm  Aamm  to  Pig.  28. 
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Here»  the  soft  rock  d  at  the  upper  part  of  the  hill  has  been 
gradually  decomposed  and  washed  away,  and  the  harder 
formation  a  exposed,  which  in  turn  has  been  undermined  by 
the  decomposition  of  the  formation  c.  Pieces  of  the  rock  a 
have  broken  off  and  fallen  down,  forming  the  boulders  /- 
In  time  the  comers  have  become  rounded  until  the  rocks 
assume  the  usual  appearance  of  boulders*     The  debris  and., 


Fjc.  24 

disintegrated  material  from  the  softer  portions  of  the  hill 
have  formed  soil,  as  at  d,  while  on  the  top  of  the  hill  the 
rock  6  has  decomposed  and  formed  soil  in  place,  as  at  /* 
The  face  of  the  hill  above  the  rock  a  being  too  steep  for  soil 
to  remain  where  it  was  formed^  this  portion  has  naturally 
been  washed  off  and  serves  to  increase  the  depth  of  the  soil 


^^S^P 
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m  the  valley.  Sometimes,  the  softer  portions  of  the  rock 
are  protected  to  a  certain  extent  by  the  harder  overlying 
formations,  and  this  results  in  the  formation  of  rocking  stones 
or  pillars.  Fig*  24  illustrates  one  of  these  rocking  stones 
formed  by  disintegration,  and  Fig.  25  the  manner  in  which 
pillars  are  sometimes  formed. 

109.     Effect  of  Frosts — In  cold  climates  i   water  per- 
colates into  the  cracks  in  the  rocks,  aodi  becoming  fros^en, 
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pplits  up  the  material,  often  throwing  down  great  masses  of 

rock  from  cliffs,  thus  forming:  piles  of  boulders  and  broken 

material  at  the  foot  of  cliffs,  as   illustrated  at  a,  Fig*  26, 

Such  a  pile  of  broken  material  is  spoken  of  as  talus^,  or 

itliiie  rock.     The  frost  is  not  only  active  in  breaking  off  large 

masses  from  the  cliff,  but  it  is  continuous  also  in  its  action. 

Moreover,    it  not  only 

breaks    up    small   stones, 

but  also  pulverizes  grains 

€f  rock  in  the  soil.    Water 

in   the   act    of   freezing 

expands  ^^  of  its  bulk. 

This    expansion    has   a 

powerful  action,  which  will 

often    tear    fissured   or 

jointed  rocks  apart  in  such 

a  way  that  water  can  enter 

and  the  frost  convert  the 


Fto.  2« 

water  into  ice.  If  the  rock  is  porous  and  exposed  after  sep- 
aration from  the  parent  bed,  frost  will  freeze  any  water 
absorbed  by  the  rock  and  cause  still  further  disintegration; 
in  fact,  this  process  will  extend  also  to  soils, 

110.  Efrect  of  Wind,— The  direct  effect  of  air  on  rocks 
|s  considerable,  but    much  of    this  effect  depends  on   the 

bcity  of  the  air  when  in  motion.  The  force  of  the  wind 
m  its  movements  against  objects  varies  as  the  square  of  its 
velocity*  The  chief  dynamical  effect  of  wind  is  produced  by 
its  transporting  power.  In  some  localities — as,  for  in  stance  ^ 
in  Egypt  and  near  Norfolk,  England — once  fertile  districts 
are  now  sandy  wastes.  Common  sand,  while  2,100  times 
heavier  than  dry  air,  will,  when  traveling  at  the  rate  of 
60  miles  an  hour^  produce  a  pressure  of  2  ounces  per  square 
inch.  This  pressure  would  move  material  of  considerable 
size,  for  a  cubic  inch  of  quartz  would  weigh  about  A7  ounce. 
In  a  number  of  cases — notably  at  Cape  Cod,  Massachusetts^ 
at  Grand  Haven,  Michigan,  at  San  Bernardino.  Calif ornia» 
and  on  Long  Island— sand  is  continually  drifting  and  wearing 
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away  rockb  vj  fctiraM.t::.  Ct  ibe  err  pjsEZXS-  ir  -Iik  ^iJiaT± 
and  Great  Aixieri--£r  Qtr!»er:s.  Uic  vmc  orrns*  -iXR  sant  v::i 
abrasive  e^evi-  I-  2>er3i:iia£-e-'l:sr.  :r  -rmL  maa iffiPt  as?: 
formed  by  .:r.ii-£:rf:'i:r  s«:iid^  cenie:ii&i  vni.  -vi^aBn  Tbci,* 
rockb  are  Zi.w  ::--.£.rTiri  £Jiii:»i^r  £f  i  tstiol  "tnmr  7:1^:^ 
formed  in  ih.s  wt j  s^re  r^ere  &£Zii  xs^*i  iaraup  Irrfg  f  etj 
cohesion,  ^arld  ::c.nt^  ::aiise£  :^  wiai*  ir»  if,  miwI  'frniM^ 
tiiebe  trt  rre-.juen:  m  lit  Vnjiiei  Sisisf  2iii  3t  ±b  C'lqps: 
River  rihi-^..  Al2.^ke. 


A^ri;oi>  AGfrxcTEs 


111.     Mtrc-lxauiCAl    Ertecit  of   Wmier. — Tlie    rrnr:.:: 

:i.'n  c.ni  rt. _n^:'^J:r.::n  li.^:r^  n'=t:t  b.:r  ±jfT^TTs"'T  ic^ 
r.if: it;.!. 'iji."y  vr^:^:  ir^.^I.i^  r:_zi  the  dlroiii  zi  ih*  f  r-^ 
o:  Cirw.  :.-;.  ri^m.  .r  ^n.w    LZxi  TV-nmLHy  re5i±HS  ±«   ««*- 


ha.:  f.-^s  iLrectlT  into  the  s-cz 
.:  tiir  riin  iLrea:  xhiLi  is.  co*'^^* 
n  ire  cr.-dr-i  =ore  than  ih<:>^€ 

-^n::i::r   ^r-wth?.     At  ihe  l:£  tt:"« 

1  c?:.ivi:t>  a  chanacl.  and  lim  ^  s< 
17.  /^<  e X : 2Ta:e    gTilIie s.     "X~ ^ 

s^ i :r. > .  v.'z : : h  e x^a vate  ra vir^.  ^ ■ 
Streams  :in:ie  to  form  riv^^  ^' 


llli.      Waterfall-.  — n-^    e: 


:.T.   due  to  water  fall 
r:^.   27.     The   hard-r< 


137 


GEOLOGY 


lonnation  shown  at  a  is  underlaid  by  a  softer  formation  ^, 
which  the  stream  in  falling  from  a  height  erodes  in  the  maa- 
aer  shown  at  c.  Thisi  undermining;,  together  with  the  aid  of 
rock  joints  or  cracks  usual  in  stratified  beds,  causes  the  lop 
rock  to  break  off  and  fall  down  to  the  stream  bed  below. 
The  water  falltng  on  these  broken  rocks  disintegrates^ 
them,  and  while  doing  this  splashes  against  the  rocks  6  with 
sufficient  violence  to  erode  them.  In  this  way  the  cafton  d 
has  been  formed,  the  length  of  which  will  increase  as  the 
erosion  progresses*  In 
Fig.  28,  which  is  a  cross- 
section  taken  at  A B^ 
Fig.  27,  the  soft  surface 
rock  €  through  which  the 
stream  flows  above  the 
waterfall  is  shown. 


The  hard  rock  a  and  the  soft  rock  d 
are  shown  to  form  the  cafion  through  which  the  river  flows. 
Fig.  20  is  a  Rocky  Mountain  view  showing  how  a  compara- 
tively small  stream  cut  its  way  down  through  the  softer 
rocks  until  it  has  reached  the  hard  strata*  The  Victoria 
Falls,  on  the  Zambesi  River,  in  South  Africa,  is  said  to  be 
due  to  a  fissure  in  the  basalt  through  which  the  river  flows 
and  to  a  fault  over  which  the  river  falls.  The  Victoria  Falls 
is  400  feet  high  and  the  river  wider  than  at  Niagara  Falls. 

113*  Cause  or  Haplds.— Usually t  in  the  stream.^  below 
waterfalls,  there  are  rapids,  caused  by  the  erosion  of  rocks 
coming  from  the  falls  and  by  material  carried  along  by  the 
current,  which  in  such  places  is  swift.  If  the  upper  strata 
over  which  a  stream  flows  were  softer  than  the  underlying 
material  or  if  the  materia!  were  of  uniform  composition  and 
the  fall  were  considerable,  the  river  would  erode  a  channel 
having  a  quick  descent,  and  thus  form  rapids*  If  the  bed  of 
a  river  Is  alternately  of  hard  and  soft  rock,  rapids  with  vifii* 
ble  ledges  of  rock  cropping  above  the  water,  such  as  may  be 
seen  in  the  New  River ^  Virginia,  are  formed. 

11 4.  EroslDo  by  Water, — ^Water  in  motion  strikes 
obstacles  with  an  amount  of  force  depending  on  the  velocity 
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of  flow.  Falling  water — whether  in  mass  or  drop  by  drop*— 
exerts  a  force  proportionate  to  its  velocity,  which  is  based 
on  the  law  of  falling  bodies,  or  z^  =  ^g  h,  \n  both  of  these 
case^t,  the  rocks  thai  the  water  strikes  are  jErradoallv  eroded, 


or  worn  away.  The  particles  of  rock  thus  worn  of!  will  aid 
in  still  further  erosion  of  the  rocks,  first  by  increasing  the 
density  of  the  water,  and  second  by  abrading  or  scratching 
the  rocks.  An  example  of  this  kind  of  erosion  is  given  in 
Fig,  30,  which  is  a  view  of  the  Grand  Cadon  of  the  Colorado 
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Rivera  This  canon  is  more  than  300  miles  long,  and  varies 
from  3.000  to  6,000  leet  in  depth.  Comparatively  recent  for- 
mations of  a  sedimentary  character,  like  those  of  the  Gree« 
River  bccJ  in  Wyoming,  Fig;,  31.  'are  more  easily  eroded  than 
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some  others,  particularly  if  the  formations  are  nearly  horiion- 
tal.  The  sediment  and  rocks  transported  during  periods  of 
heavy  freshets  aid  greatly  in  the  erosion  of  river  beds, 

115,     HelutloQ    Between    Carryinfi:    and    Krodtng 
Power  of  Wutcis— The  eroding  power  of  water  varies  as 
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the  square  of  its  velocity.  This  may  be  proved  as  follows: 
The  erodmg  power  of  water,  or  its  ability  to  overcome  the 
cohesioii  of  the  rock,  must  vary  with  the  force  that  the  water 
exerts  on  any  given  area  of  rock  material  If  the  surface  of 
the  rock  is  constant,  the  force  of  the  running  water  will  vary 
with  the  square  of  the  velocity^  for  instance*  if  a  slone  pier 
is  standing  in  running  water  and  the  velocity  of  the  current 
IS  doubled,  then,  since  the  momentum  or  force  is  equal  to 
the  quantity  of  matter  multiplied  by  the  velocity  {M  =  Q 
X  f'),the  force  of  the  current  against  the  pier  will  be 
quadrupled,  for  there  will  be  double  the  quantity  of  water 
striking  against  it  in  a  given  time  with  double  the  velocity; 
hence,  AP  ^  2Qx2  K  or  M'  ^  iQ  K  In  like  manner,  if 
the  velocity  of  the  current  Is  tripled,  there  will  be  three 
limes  the  quantity  of  water  striking  with  three  times  the 
velocity,  and  the  force 
will  be  increased  to  nine 
limes  the  original  force; 
while,  if  the  velocity  is 
quadrupled,  the  force  will 
be  sixteen  times  as  great. 
This  shows  that  the  force 
that  a  current  exerts 
against  a  fixed  object 
varies  with  the  square  of 
its  velocity.     By  means  of 

mathematics,  it  may  be  proved  that  the  power  of  a  current  to 
carry  objects  of  the  same  density  varies  with  the  sixth  power 
of  the  velocity.  This  fact  is  illustrated  in  Fig,  32.  Suppose 
that  the  cube  of  rock  a  is  just  moved  by  a  certain  velocity  of 
flow;  then,  double  the  current  velocity  will  move  a  mass  of 
rock  of  equal  density  sixty-four  times  as  large.  From  this, 
it  is  evident  that  the  increased  velocity  of  the  current  has  an 
area  sixteen  times  as  large  to  act  on,  and,  as  doubling  the 
velocity  of  the  current  increases  the  force  as  the  square,  it 
is  evident  that  this  new  current  can  move  a  body  four  times 
as  deep;  hence  *  the  new  current  should  have  force  enough 
to  move  the  body  d,  which  is  just  sixty- four  times  as  large 


Fig.  32 
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as  the  body  a.  This  statement  is  borne  out  by  experiment. 
Thus,  it  has  been  found  that  water  flowing  6  inches  a  secoad 
will  move  fine  sand;  flowing^  8  inches  a  second i  coarse  sand; 
flowing  12  inches  a  second,  gravel;  flowing  24  inches  a 
second,  pebbles;  and  flowingf  S  feet  a  second,  angular  stones 
the  size  of  a  hen's  e^g.  From  this  it  will  be  seen  that  the 
carrying  power  increases  much  more  rapidly  than  the  velocity; 
for  instance,  a  current  moving  1  foot  a  second  will  carry 
gravel,  while  a*  current  moving  3  feet  a  second,  or  with 
three  times  the  velocity,  will  carry  stones  many  times  as 
large  as  the  grains  of  graveL  It  was  owing  to  the  discovery 
o£  these  facts  that  investigation  showed  that  the  carrying 
power  of  the  water  varies  as  the  sixth  power  of  its  velocity^ 
This  transporting  or  carrying  power  of  water  must  not,  how 
ever,  be  confounded  with  its  erosive  power*  In  one  case,  the 
resistance  to  be  overcome  is  weight  and  bulk,  while  in  the 
other  it  is  cohesion;  hence,  erosion  varies  as  the  square  of  the 
velocity,  and  transportation  as  the  sixth  power  of  the  velocity. 
It  follows  from  the  preceding  discussion  that  a  sufficient 
body  of  water  having  a  velocity  of  10  miles  an  hour  will 
carry  fragments  having  a  weight  of  li  tons,  and.  similarly 
that  a  current  of  20  miles  an  hour  will  carry  fragments  hav- 
ing a  weight  of  100  tons.  Hence,  from  these  considerations, 
it  can  be  understood  why  water  rushing  through  the  moun- 
tain gorges  has  such  a  tremendous  carrying  power,  and  why 
mountains  themselves  are  eroded  so  rapidly  and  great  caSons 
and  valleys  formed*  One  would  think  that  streams  would  be 
able  to  carry  through  some  of  the  mountain  gorges  a  stone 
of  any  size  whatever^  but  the  fact  is  that  the  water  in  its 
course  passes  through  a  series  of  cascades  and  the  bed  of  the 
stream  is  extremely  rough,  which  factors  act  as  obstacles  to 
the  speed  of  the  stream  and  reduce  its  carrying  power. 
Advantage  is  taken  of  the  carrying  power  of  water  in  the 
prosecution  of  hydraulic  and  placer  mining.  If,  however, 
the  solid  particles  are  too  numerous,  the  carrying  power 
and  velocity  of  the  stream  will  be  reduced,  since  the  mixture 
will  then  partake  more  of  the  nature  of  a  solution  of  water 
with  solids  than  of  solids  with  water. 
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116,  SortlDg  Power  of  Water, — If  a  mass  of  stones, 
earth,  and  clay  is  thrown  into  still  watert  tbe  coarser  stones 
will  fall  to  the  bottom  first,  and  each  sacceedinif  layer  will  be 
composed  of  finer  material,  the  fine  day  settling  last*  Now, 
if  the  operation  were  to  be  repeated  with  the  same  body  of 
water,  the  second  mass  would  be  sorted  in  the  same  manner, 
the  coarse  material  settling  first  and  the  fine  last.  This 
would  result  in  layers  of  material*  In  the  case  of  running 
water  carrying  material  in  suspension »  the  coarse  material 
would  be  dropped  first  if  the  current  were  slightly  reduced, 
and  on  this  material  the  finer  particles  would  be  deposited 
should  the  flow  be  still  further  retarded.  The  heavier  or 
coarse  material  will  be  deposited  farther  up  the  stream  and 
the  fine  carried  farther  down,  unless  after  the  coarse  material 
is  deposited  the  velocity  is  decreased  and  the  fine  deposited 
thereon.  From  this  it  will  be  seen  that  every  change  in  the 
velocity  of  a  current  of  water  carrying  material  in  suspen* 
sion  will  result  in  layers  of  different  sizes  and  classes  of 
material  at  the  same  point.  It  is  in  this  way  that  stratified 
deposits  are  formed.  Such  deposits  are  called  sedlmentarjr 
deposits;  and,  as  all  moving  water  is  constantly  changing 
its  velocity,  it  is  evident  that  sedimentary  deposits  will 
always  be  stratified.  Conversely,  it  may  be  taken  as  a  rule 
that  all  stratified  masses  in  which  the  stratification  is  the 
result  of  sorted  material  are  of  sedimentary  origin.  These 
facts  are  of  great  assistance  in  the  study  of  the  various  rock 
formations,  as  they  furnish  the  data  by  means  of  which  the 
origin  of  any  particular  formation  can,  to  a  large  extent,  be 
determined, 

117,  Menndcringr  RiTers, — Practically  all  rivers  have 
a  winding  course.  The  various  causes  acting  to  produce 
these  turns  in  streams  can  be  explained  by  referring  to 
Fig,  33*  If  the  river  originany  flowed  from  /  to  e  in  a  prac- 
tically straight  linet  as  indicated  by  the  dotted  lines,  and  if 
the  current  were  of  a  constant  velocity  and  the  bed  smooth, 
the  straight  course  might  be  maintained  until  some  obstruD- 
tioDi  such  as  a  log  or  a  stone,  would  turn  the  stream  slightly 
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against  one  bank,  when  it  would  begin  to  cut  away  the  bank 
and  form  a  bend  in  the  stream.  As  the  bend  becomes 
greater,  the  velocity  of  the  current  on 
the  outside  increases  and  thai  on  the 
inside  decrease sj  hence,  the  co^rsa 
tends  to  become  more  and  more  irregti- 
lar  as  the  stream  cuts  material  from  the 
outside  of  the  curve  and  deposits  it  on 
the  inside.  Finally,  a  loop,  such  as 
shown  at  act,  would  be  formed;  tlieo, 
during  some  freshet  or  high-water 
period,  the  water  would  cut  across  from 
^  to  ^  and  leave  the  part  f  as  a  curved 
lake  or  lagoon  ^  similar  to  that  shown 
at  d.  These  lagoons  are  common  where 
large  rivers  have  flowed  through  com; 
paratively  flat  plains* 

118.     Flood  Plains. — All  streams 

have  channels,  through  which  they  flow, 

and   many  streams   have   plains,   over 

which  they  spread  tn  times  of  freshets. 

This  condition  is  illustrated  in  Fig.  34, 

which  is  an  ideal  cross-section  of  a  river 

confined  on  each  side  by  bluffs  a  and  c. 

The  original  river  channel  was  a^c,  on 

the  bed  of  which  has  been  deposited 

*^  material  d^  as  shown.     During  ordinary 

^'*^-  ^  periods,  e  represents  the  water  level, 

but  in  time  of  flood  the  line  ^ir  is  supposed  to  represent 

water  level 

Tn  some  cases  the  flood  plains  are  termed  river  bottoms. 
The  sediment  so  deposited  acts  frequently  as  a  feriillsEer,  so 
that  such  lands  are  in  many  cases  very  fertile  and  are  exten- 
sively cultivated.  On  the  other  hand,  there  are  also  river 
gwatnp^,  or  tracts  of  low^  spongy  land  so  saturated  with 
water  that  they  are  unfit  for  till  age »  In  such  swamps,  cer- 
tain species  of  trees  and  coarse  grasses  flourish  Itixuriantly, 
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The  flood  plains  shown  in  Fi^.  34  are  river  swamps  aod  are 
formed  by  a  natural  slope  from  the  blufiEs  to  the  river  banks, 
thereby  forming  slight  natural  levees  at  the  points  L  These 
levees  are  due  to  the  fact  that  the  water  rushing  down  the 


FI&.34 

main  channel  carries  a  greater  amount  of  matter  in  suspen- 
sion ^  and  where  it  breaks  over  the  bank  its  velocity  is 
reduced,  so  that  in  consequence  the  heaviest  deposits  are 
made  at  the  points  overflowing.  Owing  to  this  action,  the 
river  at  low  water  sometimes  flows  slightly  above  the  adja- 
cent country*  and  in  times  of  high  water  the  bed  of  the 
stream  may  change  its  course,  by  breaking  through  these 
natural  levees  and  filling  up  its  own  bed,  thus  leaving 
lagoons. 

119.  Deltas.— When  a  river  empties  into  a  lake  or 
ocean,  the  velocity  of  the  current  being  reduced  by  meeting 
a  great  body  of  water,  Ihe  river  naturally  drops  its  sediment 


and  forms  deposits  at  the  river  mouth*  These  deposits  con- 
tinue until  what  is  called  a  delta  is  formed*  In  Fig,  35  a 
stream  is  represented  as  flowing  into  a  lake  at  a.  The 
stream  has  gradually  formed  a  deposit,  or  delta,  through 
which  it  finds  its  way  to  the  waters  of  the  lake  by  a  number 
of  mouths.  In  general,  all  the  matter  brought  down  the 
river  in  suspension  is  left  in  the  lake,  the  overflow  from  b 
being  clear  water*  Fig,  36  is  a  cross-section  of  such  a  deltai 
JM  -IS 
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and  shows  successive  layers  or  strata  as  they  would  appear 
where  comparatively  coarse  material  was  brought  down  by 
a  rushing  stream.  In  the  case  of  large  rivers  emptying  into 
a  sea  as,  for  instance,  the  Mississippi  emptying  into  the  Gulf 
of  Mexico,  the  greater  part  of  the  material  carried  in  sus- 
pension is  fine,  and  hence  the  deposit  would  not  end  so 
abruptly  as  that  shown  in  Fig.  36.  The  delta  of  the  Mis- 
sissippi is  very  irregular,  but  its  area  is  estimated  at  over 


12,000  square  miles.  The  word  delta  is  the  name  of  the 
fourth  letter  of  the  Greek  alphabet,  J,  and  is  applied  to 
these  river-mouth  deposits  because  of  the  resemblance  they 
bear  to  the  triangfular  form  of  the  letter. 

120,     Estuary, ^ — Where  rivers  empty  into  tidal  seas  or 
oceans,  a  wide -mouthed  bay,  or,  as  it  is  called,  an  estnarj, 

is  formed  by  the  eroding  action  of  the  tide,  which  rushes 
in    and   out    again    twice    in   the    24    hours,   carrying   out 


I 
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Into  the  sea  much  of  the  debris  brought  down  by  the  riven 
and  eroded  from  the  land  by  the  action  of  the  tide.     Where 
the  force  of  the  water  rushing  out  with  the  tide  is  arrested 
by  the  water  of  the  ocean,  bars  of  sand  or  other  material  will 


be  deposited,  as  shown  at  d,  Fi^.  37.  At  the  head  of  the 
estuary,  where  the  tide  overcomes  the  current  of  the  river, 
thus  causing  still  water  at  high  tide,  there  will  be  a  flood- 
plain  swamp  from  a  to  b.  If  there  are  any  coves  €  or 
indentations  m  the  side  of  the  estuary  which  are  not  subject 
to  scouring  actioii,  they  may  become  filled  with  debris  and 
ultimately  form  marshes*  The  deposit  from  a  to  b  would 
form  the  salt  marsh  so  common  near  the  sea.  The  bars  at 
^Jie  mouth  of  the  estuary  form  an  obstruction  to  navigation, 
.^md  when  removed  by  mechanical  means  they  reform  in  the 

I^ame  place  and  under  the  same  conditions  and  agencies. 
*^Q  overcome  this  difficulty,  it  is  necessary  to  confine  the 
^ow%  and  thus  cause  the  water  to  scour  away  the  bar,  but 
^     ^mhe  best  that  this  can  accomplish  is  the  formation  of  the  bar 
H     :<arther  out.     Hence,  human  ingenuity  can  never  effectually 
H      yrevent  the  formatioo  of  bars  at  the  mouth  of  an  estuary, 

H  1 2 1 »     Wave  K  rosion . — Wave  s  dri  ven  by  the  wind  during 

H  m  storm  strike  against  the  land  with  considerable  force, 
H  During  heavy  storms  the  waves  will  dash  rocks  of  eonsid- 
H  ergble  size  and  weight  against  cliffs  and  against  each  other, 
H  thus  breaking  them  to  pieces.  The  waves  beating  against 
H  the  rocks  form  sands,  which  the  tide  in  receding  carries  into 
^^mdeep  water,  thus  famishing  new  rock  surfaces  for  the  waves 
^^Vto  disintegrate. 

B  122*     Ocean  Current s.^ — Currents  in  water  are  caused 

by  differences  in  temperature  and  by  the  revolution  of  the 

e^rth.    Those  going  to  sea  carry  sediment  with  them  which 

il:i«y  deposit  in  the  ocean.     It  is  probable  that  such  large 

cmjmrrents  as  the  Gulf  Stream  carry  sediment  long  distances 

!>^^fore  depositing  it,  and  possibly  it  was  this  current  that 

a  ^^  slsted  in  the  formation  of  the  Bahama  Banks  and  the  banks 

a:vr^d  shoals  at  Florida  on  which  the  coral  reefs  have  subse- 

<l^^«^mently  been    formed.     The    Banks   of   Newfoundland    are 

s"«ja.pposed  to  have  been  formed  from  material  transported  by 

icr^^ebergs  floating  South  in  the  Arctic  currents. 

123i     GJacleris, — Glaciers    are    formed    on    mountains 
"^^ose  summits  eiEtend  into  the  region  of  perpetual  snow. 
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As  this  sjiow  falls  more  rapidly  ihao  U  melts,  it  it  had  m 
means  of  escape  there  would  be  no  Omit  to  the  hei£ht  to 
which  It  might  pile,  but  by  alteniatelf  meltiag  and  freeEiog 
the  Hnow  becomes  a  mass  of  ice  crystals,  which  gradually 
become  compacted  ioco  solid  Ice  and  work  down  to  the 
vuIlcyH  from  the  mountains  as  rivers  of  ice  called  ^Ijieters. 
i  MI  the  formation  of  a  glacier,  there  must  be  a  mountain 
extending  above  the  line  of  perpetual  snow,  and  there  must 
also  be  a  considerable  change  in  temperature  between  the 
seASons/  so  as  lo  form  the  ice  crystals  and  compact  ibem 
into  the  glacial  ice-  Glaciers  not  only  extend  for  a  consider 
able  diHtance  below  the  snow  line,  but  even  below  the  Itoe  of 
the  mean  annual  temperature.  This  is  on  account  of  lb 
fact  that  the  ice  formed  at  a  higher  elevation  crowds  for 
wards  and  It  requires  a  long  time  to  melt  the  mass 

In  Fig,  38  is  shown  the  Rendu  glacier,  of  Alaska.     The 
mountain  topped  with  snow  is  seen  in  the  background:  thefl 
glacier  between  the  mountains  looms  up  like  the  crest  of  a 
waterfall,  while  the  glacier  debris  is  in  the  foreground.  


124.  Ice  Flowi** — It  is  sometimes  a  matter  of  wond 
as  to  how  ice  can  flow.  The  explanation  is,  howevert  coi 
paratively  simple.  If  molasses  candy  at  a  temperature 
which  it  is  practically  solid,  is  struck  a  sudden  blow^  it  ma; 
be  easily  broken;  if,  instead  *  it  is  subjected  to  a  slow  pressure, 
it  will  assume  any  shape  into  which  it  may  be  pressed.  In 
the  same  way,  ice  under  a  very  slow  pressure  will  assumi 
nearly  any  shape,  while  if  struck  a  sudden  blow  it  will  crac 
or  break.  This,  to  a  large  extent,  explains  the  phenomeni 
of  glacial  flow,  although  there  are  many  other  factors  enter 
ing  into  the  case.  The  surface  of  the  glacier  is  not  smooth, 
like  that  of  a  river,  but  is  always  covered  with  broken  an< 
jagged  pieces  of  ice;  deep  fissures  or  crevices  are  also  oft^ 
characteristic  features.  Stones  and  earth  fall  from  the  sidei 
of  the  valley  through  which  the  ice  river  flows  and  are 
carried  on  its  surface;  while  the  under  surface  of  the  ice 
picks  up  stones  and  by  their  means  scours  or  scores  the  bed 
over  which  it  passes,  thus  eroding  a  large  amount  of  materiali 
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much  of  which  becomes  frozen  into  the  ice  and  is  carried 
along   with   it*     This   material,   which  consists   of   stones, 

gravel,  and  clay,  is  deposited  at  the  end  of  the  glacier  in 
more  or  less  crescent-shaped  masses  called  termlnaJ 
morulues,  which  in  reality  constitute  the  delta  of  the  ice 
river.  In  addition  to  these  terminal  moraines,  lateral 
moraines,  or  rows  of  boulders  borne  by  the  glacier^  are 
formed  along  the  sides  of  the  ice  river,  being  deposited 
there  as  the  glacier  melts  or  recedes.  Where  the  rock  in 
its  path  is  softer  than  the  adjoining  material,  the  glacier  ofteo 
scours  out  basins,  which,  after  the  ice  has  melted,  become 
small  lakes*  This  is  a  common  occurrence,  especially  in 
mountain  regions;  as  these  small  glacial  lakes  become  filled 
with  debris  washed  into  them,  meadows  or  marshes  are 
formed.  As  glaciers  carry  with  them  very  large  masses  of 
rock,  their  enormous  eroding  power  enables  them  to  cut 
through  almost  any  obstacle.  On  this  account,  glaciers  havel 
been  very  active  in  effecting  geological  changes,  especially  | 
in  the  northern  hemisphere,  as^  for  instance,  in  North 
America,  Europe,  and  Asia*  The  terraces,  or  horizontal  step 
formations,  of  gravel  and  sand  on  the  side  of  a  somewhat 
steep  slope  are  probably  in  part  due  to  the  erosion  and 
melting  of  glaciers.  fl 

125»     Icebergs.— When  glaciers  run  into  the  sea,  great 

masses  of  ice  break  off  and  float  away,  carrying  their  burden^ 
of  rock  and  gravel.  Icebergs  are  often  of  enormous  size^r 
and  may  carry  many  tons  of  material.  Bergs  have  actuallj^ 
been  grounded  in  nearly  2,000  feet  of  waten  At  times  the^ 
form  great  ice  floes,  which  work  along  through  the  shallow^ 
water,  scouring  and  scratching  the  bottom  and  depositing^ 
their  burden  as  they  melt.  Much  of  the  material  on  the 
banks  of  Newfoundland  was  undoubtedly  transported  an^^ 
deposited  in  this  manner*  ^^^1 

126,  ATalanches. — In  the  mountain  districts  of  the 
West,  large  bodies  of  snow  at  times  slide  down  the  moun- 
tains.    The   mass  of  snow  or  ice,   which  may  at   first  be 

comparatively   small    in   amount,   gathers  more   snow   and 


Breater  momentum  as  It  descends,  until  it  is  powerful 
enough  to  destroy  anything  movable  in  its  path,  and  erode 
and  transport  rock  material.  While  an  avalanche  is  com- 
paratively a  local  affair,  it  will  cause  enough  erosion  in  its 
locality  to  place  it  in  geology  as  an  erosive  agent 
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UNDERGROUND    WATERS 

127.  HyaroBtatfe  Pressure, — The  pressure  of  a 
column  o£  water  of  any  area  increases  at  the  rate  p(  .434 
pound  per  square  inch  for  every  foot  in  depth.  This  law 
remains  true  for  underground  waters,  especially  in  the  zone 
of  fracture  and  in  the  upper  part  of  the  zone  of  fracture  and 
flowage;  below  these  zones,  where  crevices  cannot  exists  the 
law  would  not  apply.  The  flow  of  water  underground  may  be 
divided  into  the  upper  and  the  lower  zone,  both  of  which  are 
in  the  zone  of  fracture.  Openings  between  rocks — such  as 
crevices — as  well  as  pores  to  the  rock  that  are  sufficiently 
large,  permit  those  portions  of  the  rainfall  that  soak  into  the 
ground  to  pass  through  them* 

128.  Flow  of  Water  Througrli  Rocks,— The  quantity 
flow  of  liquids  through  tubes  is  dependent  on  the  head, 

the  diameter  of  the  tube»  and  the  fluidity  of  the  liquid^ In 

hydrostatics,  the  velocity  of  flow  of  water  Is  equal  to  V2^^. 
The  rule  in  this  case  would  give  results  that  are  too  high, 
because  it  does  not  take  into  account  the  friction  due  to  the 
length  and  the  diameter  of  the  tube  through  which  the  water 
flows.  In  long,  rough,  irregular,  undergrotmd  passages  not 
of  determinable  size,  the  friction  may  become  so  great  as  to 
render  the  rule  for  flow  inapplicable.  There  is,  however,  no 
question  of  doubt  that  the  flow  of  water  with  a  given  head  is 
more  rapid  in  large  rock  openings  than  in  very  small  capillary 
openings. 

According  to  PoiseuilIe*s  law,  the  quantity  of  flow  of  water 
under  constant  head  in  capillary  openings  is  proportional  not 
to  the  square,  as  in  tubes,  but  to  the  fourth  power  of  the 
radius.  Moreover,  the  velocity  of  flow  is  proportional  to 
the  pressure,  and  not  to  the  square  root  of  the  pressure,  as 
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Finally^  the  velocity  of  flow  is  inversely  proporM 
the  length  of  the  opening,  and  is  indirectly  pro- 
to  the  viscosity  of  the  fluid. 


knJM 
vater™ 


129.  Viscosity, — By  viscosity  is  meant  the  MiVj 
of  water  or  other  fluid.  The  viscosity  of  underground  water' 
decreases  rapidly  with  increase  of  temperature,  being  only 
one-fifth  as  much  at  194°  F.  as  at  32°  F.  Therefore,  with 
capillary  tubes  of  a  given  size,  the  increased  velocity  of  flow 
would  be  five  times  as  much  at  194°  F,  as  at  32°  F.  This 
increased  velocity  of  flow  is  very  favorable  to  flowage 
through  openings  at  considerable  depth.  Notwithstanding 
the  increased  mobility  of  water,  the  circulation  in  capillary 
openings  is  very  slow,  so  that  rocks  having  openings  of 
capillary  size — such  as  dense  clays  and  shales— are  spoken 
of  as  impervious  to  water.  Although  this  is  not  exactiy 
true,  the  movement  of  water  through  such  material  is  slowM 
compared  with  its  movement  through  rocks  having  a  largeH 
number  of  capillary  openings  in  layers »  such  as  brown  sand- 
stones and  limestones.  The  flow  of  water  deep  down  in  the 
Hthosphere  cannot  take  place,  since  the  openings  that  may 
be  termed  subcapiilary  woi:ld,  if  they  contained  water,  be 
filled  up  by  it  as  if  it  were  glue,  and  there  would  be  no  free 
water.  In  other  words,  the  viscosiiy  oi  liquid  has  reached  its 
limii  and  liquid  cannot  pass  thrmigk  sidcapiiiary  optnings, 

130*  Cause  of  Underground  Flowaife* — The  rain 
that  soaks  into  the  lithosphere  circulates  only  through  the 
upper  portion  of  the  zone  of  fracture  and  flowage,  and  chiefly 
through  the  zone  of  fracture*  Gravity  is  the  chief  factor  in 
the  flow  of  water*  aided  in  some  cases  by  difference  in  tern* 
perature.  it  being  a  well-known  law  that  warm  water  seeks  to 
rise,  while  cold  water,  owing  to  its  greater  density,  seeks  to 
fall,  This  difference  in  head  is  due  to  density,  which  causes 
upward  and  downward  currents.  According  to  Austin,  the 
expansion  of  water  with  increase  of  temperature  is  such  that 
an  average  difference  between  ?^2°  F.  and  212^  F.  is  sufficient 
for  a  column  of  100  feet  of  water  at  Sg""  F.  to  balance  a 
column  of  104  feet  at  212°  F.    This  4-foot  head  of  water  will! 
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cause  an  upward  and  downward  circulation,  if  more  heated 
water  is  supplied  from  below.  The  heat  for  such  purposes 
may  arise  from  the  heat  due  to  depth,  or  from  chemical 
action,  such  as  is  evidently  the  source  from  which  hot  and 
warm  springs  obtain  their  heat. 

131.  Upper  Bolt  of  Underground  Clreiilatlou* — The 

circulation  of  underground  water  is  divided  into  two  belts  for 
the  purpose  of  separating  the  water  that  flows  off  at  water 
level  from  the  water  that  acts  on  rocks  and  circulates  below 
%vater  leveL  In  using  the  term  water  kvt'i,  the  minerVs  defini- 
tion is  assumed;  namely,  that  it  is  the  depth  at  which  water 
will  not  f!ow  away  without  aid.  Water  level  is  the  horizontal 
plane  beneath  the  surface  of  the  ground  that  is  the  upper 
boundary  of  the  belt  of  saturation.  The  thickness  of  this 
upper  belt  varies  greatly,  depending  on  the  elevation,  the 
character  of  the  rocks,  and  the  rain  precipitation. 

The  complex  movements  of  underground  water  may  be 
divided  into  vertical  and  iaterai  movements. 

132.  Lateral  Movements. — The  flowage  of  water — 
say  from  a  to  b,  Fig*  39-^is  not  a  direct  path,  according 
to  Professor  Slichter's 
in\^estigations,  btit  rather 
a  number  of  converging 
paths,  as  shown  in  the 
plan,  which  is  intended  to 
represent  the  horizontal 
course  that  water  takes  in 
flowing  from  the  well  a  to 
the  well  h.  This  knowl- 
edge is  of  practical  value  in  the  oil-well,  gas-well,  and  brine- 
well  boring,  and  applies  to  any  rock  in  which  the  pores  are 
arranged  in  an  open  manner,  as  are  gas  and  oil  sands. 

133.  Vertical  Movements- — In  Fig.  40  is  shown  an 
elevation  of  the  vertical  course  of  underground  water  from 
b  to  a.  In  the  passage  of  water  through  a  uniform  rock  from 
many  points  on  a  hill  to  a  point  of  issue  at  the  foot  of  the 
hill,  supposing  that  those  are  the  only  points  of  entrance  or 
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issuance  of  the  water,  the  vertical  course  would  be  represented 

as  at  ^.     In  such  instances,  water  carries  with  it  more  or  less 
a  A  -  air  and   carbon    diojcide, 


thus  aiding  in  the  disinte- 
gration and  erosion  of  the 
rocks.  In  case  the  rock 
should  be  nearly  impervi- 
ous to  water,  as  at  A, 
Figf.  41,  the  water  that 
flows  through  the  forma- 
tion a  will  appear  as  a 
spring  at  the  point  t,  and 
in  flowing^  away  will  erode 
rock  in  the  same  mauiier 
as  other  streams.  If  the 
level  of  the  ground  water 
a  is  below  the  surface  h, 
the    circulation    of    the 

ground  water  will  appear  somewhat  as  shov^Ti  by  the  curved 

lines  in  Fig,  42,  and  will  find  its  exit  at  e. 


Fto.  40 


134*     Liower  Belt  of  Underground  €Lrcuifitlon« — The 

vertical  component  of  the  journey  of  underground  waters 
below  water  level  may  be  considered  as  confined  to  the  zone 
of  fracture*  and  probably  reaches  its  maximum  at  a  depth  of 
39,000   feet.     The    lateral 
movement,    on    the   other 
hand,  may  vary  from  a  few 
feett  as  in  the  case  of  oil 
and  gas  w^lls,  to  a  thou- 
sand or  more  miles*    It  is 

probable  that  the  amount  ^'°  " 

of  flowage  is  far  greater  in  the  tipper  part  of  the  zone  IBaT 
in  the  lower  part,  but  even  in  the  lower  part  the  amount  ot 
flowage  cannot  be  considered  small,  ■ 

Owing  to  difference  in  temperature,  it  follows  that  on  ao 
average  the  downward  movements  of  water  are  through  the 
small  openings  and  the  upward  movements  through  the  large 
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openings.  Of  course,  where  large  openitig^  are  avmlable  for 
downward  moving  water,  they  will  be  utiiized.  Water  below 
ground  will  sink  tbrougfa  channels  offering  the  least  resistance 

to  its  passag^e*  and  it  is  __- -^ 

probable  that,  in  the 
course  of  time*  water 
will  enlarge  those  pas- 
sages by  erosion  or 
chemical  action.  There 
is  considerable  opposi- 
tion to  this  theory,  on 
the  ground  that  in  deep 
mines  water  is  encoun- 
tered mostly  in  the 
upper  levels »  This  is 
not  always  the  case,  as 
the    quantity    of   water  Fic,  41 

depends  on  the  character  of  the  rock;  in  fact,  the  level  for 
no  water  varies  in  different  localities  as  surely  as  the  quan- 
tity of  water  varies  in  strata. 

135*     Artt?slan  Wells. — When  a  water-bearing  stratum, 
as  ^,  Fig.  43,  is  between  apparently  impervious  strata,  as  at  r 
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and  d^  it  will  offer  the  least  resistance  to  the  passage  of  water 
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vertically  or  laterally »  and  the  water  will  £o  downwards 
through  this  stratum  and  increase  in  pressure  with  depth. 
If,  therefore,  a  well  €  is  put  dowu,  the  water  will  sometimes 
rise  from  the  rock  6  up  through  the  well  and  flow  naturally. 
This  was  the  original  definition  of  an  artesian  well»  but  the 
term  has  been  broadened  to  cover  any  well  drilled  into  the 
earth  from  which  water  may  be  obtained*  This  condition  is_ 
illustrated  at  a  and  *,  Fig.  42;  while  the  journey  that  wat 
may  take  in  supplying  those  wells  is  shown  by  the  curv 
lines.  The  water  is  seen  to  reach  nearly  to  the  surface  at  *,' 
so  that  an  ordinary  pump  can  draw  from  it,  while  in  the  case 
of  well  a  a  deep- well  pump  must  be  used.  This  also 
approximately  illustrates  oil  wells.  In  West  Virginia,  a 
well  struck  a  little  water  at  350  feet  depth,  and  then  found 
no  more  up  to  1,000  feet.  Another  well  not  300  feet  aw*ay 
was  drilled,  which  furnished  an  immense  amount  of  water  ai 
a  depth  of  105  feet.  At  Plainfield,  New  Jersey,  there  seem! 
to  be  an  underground  river  with  sufficient  water  to  siippl 
that  city  and  neighboring  towns. 
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CHEMICAL    ACTION    OF    UNDERGROLrND    WATERS 

136.  HeaetlonQ- — Water  circulating  undergrout 
whether  at  ordinary  temperature  and  pressure  or  at  higl 
temperature  and  pressure^ — may  take  into  solution  substances" 
with  which  it  comes  in  contact.  By  this  means  it  may  dis- 
solve material  from  one  rock  and  perhaps  deposit  it  in  some 
distant  locality  where  conditions  favor  selective  agency  or 
where  differences  in  the  temperature,  pressure,  and  reactions 
of  the  various  solutions  coming  together  are  favorable  to 
deposition.  All  these  changes  are  of  a  chemical  nature,  to 
which  also  may  be  added  an  interchange  of  solutions  with 
solids.  The  formation  of  rocks  and  their  cementation  by 
the  chemical  action  of  water  has  been  treated  elsewhere,  but 
some  additional  statements  may  be  made  here.  The  ^one 
of  fracture  has  been  divided  into  the  tipper  and  lower  belts 
of  underground*water  circulation.  The  upper  belt — or  at 
least  that  portion  of  it  above  water  level^may  be  termeci, 
the  belt  of  weathering:  while  the  lower  belt  may  be  termed  th| 
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beii  ef  fetnentathn.    The  reactions  in  the  belt  of  wcatheriner 

involve  gases,  liquids,  and  solids,  besides  the  complicated 
reactious  of  organic  bodies  on  inorganic  bodies* 

137,  Carboiiatlou,— The  process  of  carbonation  takes 
place  in  the  belt  of  weathenno:,  producing  abundantly  car- 
bonates of  the  alkalieSi  alkaline  earths,  and  iron,  and  less 
abundantly  carbonates  of  other  metals*  Where  vegetation 
is  lacking^  the  air  contains  only  a  small  amount  of  carbon 
dioxide;  but  where  vegetation  is  decaying,  the  carbon  dioxide 
in  the  soil  is  from  fifteen  to  three  hundred  times  more  than 
in  the  air.  The  process  of  carbonation  occurs  on  a  larger 
scale  where  vegetation  is  abundant. 

The  dominant  compounds  on  which  carbonation  acts  are 
the  silicates,  the  silica  separating  as  silicic  acid.  Since  the 
quantity  of  silicates  decomposed  by  carbonation  is  very 
great,  the  amount  of  silicic  acid  that  passes  into  solution 
and  is  transferred  below  to  the  belt  of  cementation  is 
enormous.  Of  the  substances  deposited  in  the  belt  of 
cementation,  silica  or  quartz  undoubtedly  predoniinales  over 
all  others.  This  result  could  naturally  be  inferred,  since 
silica  is  so  abundantly  distributed  in  the  lithosphere* 

138.  Hydration. — The  process  by  which  a  chemical 
compound  absorbs  water  is  termed  bydratlont  Virtually, 
such  water  is  the  water  of  crystallizauon.  Underground 
waters  in  their  movements  may  combine  with  substances 
and  form  hydrates,  as  in  the  conversion  of  hematite  into 
iimonite.  Water  also  reacts  on  the  salts  it  holds  in  solution 
when  removed  to  form  free  acids  and  hydrates  of  the  bases. 
The  dominant  acids  of  nature  are  the  very  weak  acids,  silicic 
and  carbonic,  and  therefore  dissociation  is  very  important. 
The  silicates  of  the  alkalies  in  dilute  solutions  are  practically 
entirely  decomposed,  the  liberation  of  free  silicic  acid  and 
hydrates  of  the  alkalies  taking  place  as  demonstrated  by 
Kahlenberg  and  Lincolo.  The  carbonates  of  the  alkalies 
are  also  to  some  eictent  similarly  decomposed, 

A  ferrous  solution  containing  oxygen  will  cause  a  change 
from  ferrous  to  ferric  iron,  and  the  latter  will  be  precipitated 
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as  hematite   or   Umonite.     In   this  case,  hydration  oc 
simultaneously  with  the  oxidation. 

139,  Importance    ot    Hydration* — Wbile    hydraticaJ 

and  deposition  are  in  their  extent  next  in  importance  to 
carbonation*  they  are  the  characteristic  reactions  in  the  beltj 
of  cementation,  in  which  carbonation  and  oxidation  are  siil 
ordinate.  The  reactions  take  place  by  metasomatic  change] 
within  the  original  minerals  and  by  deposition  of  material 
mthin  the  openings.  Many  of  the  minerals  are  hydrated, 
and  because  of  hydration  and  deposition  the  volume  of  the 
rocks  is  increased.  Cracks  and  crevices  produced  by 
mechanical  action,  and  openings  onsrinally  present  in  the 
rocks — such  as  pore  spaces  in  the  mechanical  sediments,  and 
vacuole©,  or  minute  cavities,  in  volcanic  rocks^ — are  slowly 
but  surely  filled  by  the  action  of  the  ground  water  and  the 
rocks  cemented*  This  process »  which  may  be  called  cm* 
siruclioft^  has  taken  place  in  some  rocks  having  amygdaloid 
structure,  as  shown  in  Fig.  12.  In  the  Calumet  and  Hecia 
conglomerates,  many  of  the  pebbles  have  been  completely 
replaced  with  copper.  In  some  instances,  the  copper  is  in 
the  form  of  carbonate,  but  more  frequently  it  is  native  cop- 
per. At  Cape  d'Ort  Nova  Scotia,  in  similar  rock,  the  air 
spaces  have  been  filled  with  calcite.  In  the  New  Mexico 
malpais,  they  are  empty  or  but  partly  filled*  There  is,  how- 
ever, a  great  difference  in  the  ages  of  the  Nova  Scotia  and 
New  Mexico  rocks,  the  latter  being  later  than  the  Tertiary^^ 

140,  Deliydratioti,^While  hydration  is  usual  in  th^* 
belt  of  weathering »  under  some  conditions,  and  especially 
those  of  dryness  and  high  temperature,  deliyd ration — ^ihat 
is,  the  complete  removal  of  water— may  occun  ^m 

141,  Oxldtitlou, — In  the  belt  of  w^eathering,  the  most 
important  gases  present    are    carbon  dioxide  and  oxygen^^ 
which  act  chemically  and  aid  solutions  in  dissolving  materialsjfl 
Oxidation  is  general  in  the  belt  of  weathering,  but  deoxidation 
probably  occurs  in  regions  of  luxuriant  vegetation,  where 
there  is  proper  reducing  material.     If  all  the  compounds 
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formed  in  the  belt  of  weathering  remained  in  place*  the 
volume  of  rocks  would  increase;  but,  owing  to  the  fact  that 
solutions  carry  the  soluble  material  away,  the  volume  of 
rocks  in  some  localities  actually  decreases.  In  consequence 
of  this  preponderance  of  solution,  the  openings  in  the  belt  of 
weathering:  tend  to  increase  in  size.  This  is  not  apparent 
with  unconsolidated  materials  at  the  surface,  for  gravity 
brings  the  particles  together  as  fast  as  material  is  dissolved j 
but  in  rocks  below  the  soils  which  have  sufficient  strength  to 
support  themselves  the  openings  become  wider. 

142.  Recapitulation  of  Weathering  and  Cementa- 
[tlon, — ^The  belt  of  weathering  is  characterized  by  disiute- 
lfi;ration^  decomposition,  carbonation,  hydration,  oxidation, 
isoluttonSf  and  decrease  in  the  volume  of  matenal.  The  belt 
Jof  cementation  is  characterized  by  cementation,  induration  or 

process  of  hardeDiog:,  hydration,  deposition,  and  increase  of 

the  volume. 

:  143,  Cave&. — The  dissolving  action  of  solutions  is  illus- 
trated by  the  large  underground  passages  that  have  been 
formed  at  Luray  in  the  Shenandoah  Valley ^  Virginia,  and  at 
the  Mammoth  Cave.  Kentucky*  The  depositing  action  of 
solutions  is  also  shown  in  the  same  caverns.  The  result  of 
both  actions  is  shown  in  Fig,  44,  which  has  been  drawn  from 
a  photograph  of  a  portion  of  the  Luray  cavern.  The  pas- 
sages were  formed  by  the  underg^round  streams,  which  for 
some  cause  subsequently  stopped  flowing,  thus  leaving  the 
passages  empty.  Water  from  the  surface  subsequently 
seeped  into  the  caverns  by  way  of  the  roof,  and  in  its  pas- 
sage downwards  collected  lime,  which  it  holds  in  solution. 
The  water  as  it  drips  from  the  roof  contains  limestone  in 
solution^  and  as  it  comes  in  contact  with  air  the  pressure  is 
relieved  and  tt  evaporates,  leaving  the  calcium  carbonate 
and  forming  wtalactltes,  which  hang  from  the  roof  like 
icicles.  Where  the  water  falls  to  the  floor,  it  forms  inverted 
stalactites  called  ^talaisriultes.  When  the  stalactites  and 
stalagmites  meti  they  form  pillars.  In  some  instances  the 
stalactites  and  stalagmites  have  the  appearance  of  waterfalls 
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without  water.  The  surplus  water  usualljr  finds  daylight  io 
some  manner,  although  in  the  Mammoth  Cave  there  are 
lakes  containing  fish  without  eyes,  Zinc  and  lead  deposits 
are  formed  on  the  walls  of  limestone  caves  near  Joplin, 
Missouri,  and  Morristown,  Tennessee.  Very  extensive  caves 
exist  in  the  lime  rock  of  New  Sonth  Wales, 
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144.  Deposits  From  Mineral  Spriiiipfs, — If  deposits 
of  limestone  or  calcareous  matter  were  formed  only  by  the 
evaporation  of  water^  their  growth  would  be  very  slow,  but 
by  some  mineral  springs  large  deposits  are  built  up,  and  hence 
some  other  explanation 
mast  be  advanced,  Cal- 
eiam  carbonate  is  prac- 
tically insoluble  in  pure 
water,  but  it  becomes  sol- 
tible  if  the  water  contains 
carbon  dioxide,  CO^,  and 
the  amount  that  can  be 
dissolved  in  a^iven  quan- 
tity of  water  increases 
with  the  percentage  of 
carbon  dioxide  in  the 
water »  and  this  in  turn 
increases  with  the  pres- 
sure*  Some  carbon  diox- 
ide comes  from  the  atmos- 
phere and  vegetation, 
but  much   of  it   may  be 

derived    from    under-         ITI'''!  ^'' ^Bfr^S^ 
gfround  sources,  and  this 
is  especially  true  in  vol-  ^'*^'  ** 

ic  reg^ions  or  in  regions  where  sulphides  are  decomposed, 
ing  acids  that  attack  carbonates  and  liberate  the  carbon 
dtOKide.  This  gas  is  absorbed  by  the  water  under  pressure, 
and  in  consequence  it  can  dissolve  irreater  amounts  of  cal- 
cium. When  the  waters  escape  at  a  sprin|r  or  other  open- 
ing, the  pressure  is  relieved  and  much  of  the  carbon  dioxide 
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escapes,  hence  the  calcium  carbonate  is  deposited.  This 
explains  the  rapid  growth  of  stalagmites  in  some  caves  and 
the  large  deposits  of  calcareous  matter  at  some  springs,  and 
especially  at  hot  springs  in  regions  that  have  been  affected 
by  volcanic  action^  as»  for  instance,  Yellowstone  Nationafl 
Park,  Wyoming.  Fig*  45  is  a  view  of  one  of  the  deposits  at 
the  hot  springs  of  the  Yellowstone  National  Park,  Under 
certain  conditions^  water  charged  with  carbon  dioxide  may 
dissolve  iron,  and  as  the  water  comes  to  the  surface  this 
will  be  redeposited  as  an  oxide,  the  carbon  dioxide  escaping. 
In  volcanic  regions,  hot  alkaline  springs  often  carry  stUcious 
matter  in  solution,  and  as  the  water  cools  this  is  deposited 
in  a  soft  gelatinous  mass  that  ultimately  hardens  into  a  hard 
silicious  rock.  Springs  that  contain  hydrogen  sulphide,  i/,5, 
are  usually  called  sulphur  spnn^s,  and  under  certain  condi- 
tions may  deposit  sulphUFi  or,  where  the  sulphur  is  also 
associated  with  lime  salts,  deposits  of  gypsum  may  be 
formed.  Sulphate  of  aluminum  is  another  rock*building 
material,  as  stated  in  Art.  20  and  shown  in  Fig.  6.  Sulphate 
of  lime  is  also  common  in  mineral  waters,  especially  tiifl 
mines,  where  it  sometimes  clogs  the  pump  pipes. 

145.     Chemical  DepositB  in  Tjakes.^Salt  lakes  may  « 
be  formed  in  two  ways:  portions  of  the  sea  may  be  cut  off,  1 
or  waters  of  rivers  containing  salt  may  empty  into  a  basin 
having  no  outlet*     The  waters  under  such  conditions  evapo- 
rate   slowly »  and    the    small    amount   of    salt    contained  in 
the  waters  remaining  accumulates  gradually  until  the  lake 
becomes  salty  or  brackish.     In  case  the  water  in  the  salt  lake 
had  the  composition  of  sea-water,  gypsum,  salt,  and  chloride 
of  magnesium  would  be  deposited  in  praclicaily  the  order 
stated.     Lakes  that  are  fed  by  rivers  and  whose  waters  are 
gradually  evaporated ^  sometimes  deposit  other  substances, 
such  as  carbonate  of  lime,  sulphide  of  lime,  carbonate  of  soda* 
borax,  and,  under  certain  conditions*  iron.     The  latter,  how*« 
ever^  usually  requires  the  presence  of  organic  matter,  | 

146*     Chemical  Deposits  In  the  Sea. — Comparatively 
little  is  known  in  regard  to  the  chemical  deposits  formed  in 
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the  sea.  Many  of  the  rivers  flowing:  into  the  sea  carry  a 
much  largfer  percentage  of  carbonate  of  lime  than  is  found  in 
sea-water.  Much  of  this,  however,  is  undoubtedly  taken  up 
by  the  shellfish  and  coral,  although  in  some  locations  the 
material  of  deltas  is  cemented  together  by  carbonate  of  lime, 
and  in  other  places,  especially  in  the  tropics,  where  evapo- 
ration is  rapid,  the  sand  or  gravel  of  the  sea  beaches  is 
becoming  cemented  into  conglomerates  by  means  of  the 
carbonate  of  lime  contained  in  the  sea-water. 


IGNEOUS  AGENCIES 

147.  Constructive  Tendency. — The  surface  of  the 
lithosphere,  while  being  eroded  and  dissolved  by  the  agencies 
mentioned,  is  also  subjected  to  constructive  agencies  that  to 
a  certain  extent  counteract  the  destructive  agencies.  The 
igneous  agencies  raise  the  land  directly  or  lower  it  indi- 
rectly, thereby  increasing  the  diflEerences  in  elevation  on  the 
earth,  and  hence  increasing  the  land  area. 

Molten  rock  matter  exists  in  some  locations,  for  which 
reason  it  has  been  claimed  by  some  geologists  that  the 
interior  of  the  earth  is  a  molten  mass. 

148.  Condition  of  the  Interior  of  the  Earth. — At 

first  geologists  supposed  that  the  earth  had  simply  a  thin 
shell  of  rock  and  that  the  interior  was  a  mass  of  melted 
rock,  which  burst  through  the  shell  in  places,  forming  vol- 
canoes; but  astronomy  has  shown  that  the  earth  behaves  as 
a  solid  sphere  whose  density  is  very  much  greater  than  that 
of  the  rocks  at  the  surface.  If  the  temperature  increased 
equally  from  the  surface  downwards,  a  point  would  be 
reached  where  all  rocks  would  be  in  a  molten  ftate  if  they 
are  under  the  pressures  existing  at  the  surface. 

Owing  to  great  outflows  of  lava  from  the  earth  at  different 
times,  it  is  supposed  that  there  are  great  reservoirs  of  molten 
material  from  which  the  outbursts  are  fed. 

149.  Volcanoeflj. — It  is  supposed  that  as  the  lithosphere 
cooled  it  shrank,  causing   the  surface  to  fold  and  rise  in 
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places  and  form  mountains.  When  shrinkag^e  occurred,  gjeat 
fissures  were  opened,  which  in  some  cases  penetrated  to 
such  great  depths  that  molten  matter  and  plastic  magma 
were  released  and  overflowed  large  areas.  There  are  open- 
ings in  various  parts  of  the  earth,  which  from  time  to  time 
permit  lava  to  flow  out.  Some  of  these  openings  have 
become  surrounded  with  eruptive  material  to  such  an  extent 
as  to  form  what  are  called  volcanoes.  Usually,  volcanoes 
are  intermittent,  at  one  time  being  active,  and  then  lying 
dormant,  to  break  out  afresh  later.  When  eruptions  occur, 
they  are  usually  accompanied  by  earth  tremors,  termed 
earthquakes,  which  are  due  to  the  upheaval  or  the  sub- 
sidence of  the  land.  The  volcanoes  now  in  existence  seem 
to  be  of  two  classes.  The  first  class  comprises  those  vol- 
canoes in  which  the  melted  rock  is  perfectly  fluid  and  issues 


Fig.  46 


from  the  throat  of  the  volcano,  as  shown  at  a.  Fig.  46,  or  pos- 
sibly is  ejected  through  rents  in  the  side  of  the  mountain,  as 
shown  at  d.  The  second  class  of  volcanoes  comprises  those 
in  which  the  eruption  usually  commences  by  blowing  out 
the  lava  that  has  cooled  since  the  previous  eruption.  These 
explosions  are  accompanied  by  great  rushes  of  steam,  blow- 
ing the  lava  into  fine  ashes  and  dust,  which  in  settling  covers 
the  surrounding  country.  In  the  event  of  rain,  this  dust  is 
precipitated  as  volcanic  mud,  which  may  subsequently  flow 
down  the  mountain.     During  the  eruption  of  Mt.  Pelee,  on 
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the  Island  of  Martinique,  a  deadly  hot  gas  was  emitted  that 
burned  everything  with  which  it  came  in  contact.  The  vol- 
canoes in  the  Hawaiian  Islands  are  of  the  first  class,  and 
eject  lava^  which  flows  with  great  rapidity  down  the  mountain 
slopes*  The  volcanoes  on  the  Mediterranean  littoral  are  of 
the  explosive  class,  Pompeii  and  Herculanium  were  com- 
pletely co%^ered  with  ashes  from  Mt.  Vesuvius, 

Fig*  46  is  an  ideal  section  of  a  volcanic  cone  or  mountain; 
a  is  the  original  crater  through  which  the  material  has  flowed 
out  and  been  deposited  in  successive  layers  so  as  to  form 
the  mountain.  When  the  mountain  has  attained  considerable 
height,  the  great  force  necessary  to  raise  the  lava  to  the  top 
of  the  crater  often  rends  the  side  of  the  mountain,  thus  form- 
ing monticules,  or  secondary  conesj  on  the  side* 


n^ 


STl 


I'' 


fwmr 


r^^js 


Pic.  17 


150.     Laceolltes  and  IJIke»,— Sometimes  an  eruptioo 
of  rock  {especially  when  it  is  of  a  semifluid  character)  does 
H  have  sufficient  force  to  break  through  and  overflow  the 
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orig:inal  strata,  but  may  simply  form  a  great  mass  between 
the  layers  of  rock,  thus  forcing  the  strata  up  into  a  great 
mound  or  mountain,  as  shown  in  Fig.  47.  Such  a  formation 
is  called  a  laccolite.  When  the  action  simply  causes  a  crack 
into  which  rock  material  is  injected  or  intruded,  it  is  called  a 
dike,  as  shown  in  Fig.  47.  Where  these  dikes  are  com- 
posed of  harder  material  than  the  surrounding  rock,  they 
stand  out  in  the  bold  walls  shown  in  the  figure  and  are  then 
called  trap  dikes,  the  word  trap  meaning  **  stair-like." 

151.     Subordinate  Phenomena  of  Isrneous  Ori^n. 

Some  of  the  subordinate  phenomena  connected  with  volcanic 
action  are  hot  springs,  which  are  charged  with  carbonates  or 
carbon  dioxide  and  occur  in  various  parts  of  the  earth. 
Solfataras,  or  waning  volcanic  actions,  furnish  springs 
carrying  sulphureted  hydrogen  derived  from  the  passage  of 
water  through  hot  volcanic  rocks.  Fumaroles  are  hot 
springs  accompanied  with  more  or  less  steam  and  vai>or. 
Mud  volcanoes  are  hot  springs  carrying  mud  with  them. 
Geysers  are  intermittent  hot  springs,  from  which  water 
is  thrown  forth  in  a  solid  column.  All  these  phenomena 
are  found  in  regions  that  contain  active  volcanoes  or  where 
the  volcanic  action  has  not  long  been  absent.  The  most 
noted  hot  springs  and  geysers  are  in  Iceland,  in  the  Yellow- 
stone National  Park  in  the  United  States,  and  in  New  Zealand. 


ORGANIC  AGENCIES 

152,  Peat  Bo^s. — Vegetable  growth  in  swamps  becomes 
after  a  time  a  mass  of  intertwined  roots  called  peat.  These 
roots  increase  from  year  to  year,  the  decayed  portion  being 
replaced  with  new  vegetation  that  is  for  the  most  part  of  a 
rank  growth.  The  bog  formed  by  the  roots  may  attain  a 
considerable  thickness,  depending  on  the  depth  of  the  water 
originally,  and  the  material  will  become  so  compact  that  a 
person  may  walk  on  it  without  difficulty,  while  trees  and  ^ 
bushes  will  grow  on  it.  This  peat  growth  is  claimed  by  some 
scientists  to  be  the  original  source  of  the  coal  formation,  the 
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bog:s  being:  covered  with  layers  of  earth,  which  eventually 
formed  rock  and  by  their  pressure  converted  the  vegetable 
matter  into  coal. 

153.  Formation  of  Coal. — Coal  is  undoubtedly  of 
organic  origin,  and  was  probably  formed  from  bogs  and  trees 
that  grew  in  warm  climates  and  swampy  localities.  There  is 
scarcely  4ny  question  that  coal  was  formed  under  water,  for 
sedimentary  rocks  rest  on  the  coal  measures.  In  whatever 
manner  the  coal  attained  such  thicknesses  as  the  beds  disclose 
is  a  mystery,  but  that  it  did  is  a  fact.  Coal  is  found  in  the 
western  hemisphere  from  the  Arctic  Ocean  to  Cape  Horn, 
and  from  Nova  Scotia  to  British  Columbia,  and  it  is  probably 
forming  at  the  present  time.  Forests  are  known  to  exist 
under  cover  of  earth  changed  to  stone,  and  if  under  water 
and  in  favorable  localities  it  is  no  more  than  reasonable  to 
expect  them  to  be  changed  to  coal.  In  the  Mississippi  Valley, 
buried  trees  exist;  in  Colorado,  New  Mexico,  and  Arizona, 
silicious  wood  is  found;  and  in  Ireland,  trees  are  found  in 
the  peat  bogs  that  are  still  well  preserved. 
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STRUCTURAL  GEOLOGY 


STRATIGRAPHY 


EXPOSURES    AVAILABLE    FOR    OBSERVATION 

!•  Origin  of  Continents. — The  general  gfeological 
phenomena  of  the  earth  are  supposed  to  have  resulted 
from  irregular  cooling  and  shrinkage  of  the  outer  portions 
of  the  lithosphere.  It  is  supposed  that,  after  the  earth 
became  sufficiently  cool  for  the  water  to  remain  on  its 
surface,  oceans  were  formed  in  the  depressed  places.  The 
mountains  are  considered  to  be  the  results  of  subsequent 
foldings  and  upheavals. 

2.  Gcolo|!:lcal  Exposures. — The  geologist  makes  use 
of  artesian-well  holes,  diamond-drill  cores,  mines,  railroad 
cuts,  and  other  excavations  from  which  to  secure  informa- 
tion. Sometimes,  depths  exceeding  a  mile  can  be  studied  in 
this  manner.  Natural  exposures  consist  of  cliflEs,  ravines, 
cations,  and  upheavals,  which  in  some  cases  allow  of  very 
extensive  examinations.  Foldings  and  contortions  of  strata 
afford  admirable  opportunities  for  study,  especially  when 
they  have  been  eroded  so  as  to  expose  great  thickness. 
Fig.  1  illustrates  a  fold  that  has  been  partly  eroded,  so 
that,  in  passing  from  the  point  a  to  the  point  by  the  observer 
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would  cross  the  outcrop  of  several  stratified  beds,  and  then 
in  passing  from  ^  to  c  would  cross  the  same  beds  in  the 
opposite  order,     ^uch  flexures  have  given  the  geologist  aa 


Fig.  1 

opportunity  of  studying  the  formation  and  determming  to 
some  extent  the  nature  of  the  rocks  to  a  great  depth  such 
as,  for  instance,  in  the  Wasatch  mountain  range  in  Utah, 
where  a  depth  o£  40,000  feet  has  been  uncovered* 

3*     strata*— The    term    strata    is    sometimes   used    to 


I 


Fig*  2 


mean  either  a  series  of  stratified-rock  beds  having  a  sedi- 
mentary origin  or  a  series  of  rocks  having  ao  igneous  origin; 
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in  general,  however,  the  term  majr  be  applied  to  any  series 
of  rocks.  Stratum,  the  singular  form  of  the  word  sim/a, 
is  used  to  distinguish  an  individual  formation  or  a  continuous 
series  of  stratifted-rock  beds.  Stratified  rocks  were  formed 
in  nearly  horizontal  layers,  and  are  sometimes  found  in 
almost  their  original  position;  btit  the  greater  number  of 
those  rocks  in  which  ore  deposits  are  discovered  have  been 
inclined  and  folded  by  dynamic  influences. 

Fig,  2,  which  is  taken  from  a  photograph*  shows  the  strike  a, 
the  dip  dt  and  the  outcrop  c  of  strata. 

4.     Ulp. — Most  strata  are  inclined,  particularly  those  that 
fonn  hills  and  mountains.     The   degree  of  inclination,  or 
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angle  that  the  stratum  makes  with  a  horizontal  plane,  is  called 
its  dip,  piffk,  or  siope.  The  dip  is  measured  by  clinometers 
or  pitch  rules,  as  shown  in  Fig*  S,  When  the  upper  instru- 
ment is  horizontal,  the  pointer  will  be  at  0"^;  but  when 
inclined  as  in  the  illustration,  the  pointer  registers  the  number 
of  degrees  from  the  horizontal — ^in  this  case  about  19*^. 
When  the  lower  arm  of  a  pitch  rule  corresponds  to  the  dip 
of  a  stratum  and  the  upper  arm  is  horizontal,  the  angle  of 
dip  can  be  read  on  the  upright  or  scale  arm. 

Veins.  like  strata,  have  dip.  but.  owing  usually  to  their 
formation,  are  more  highly  inclined  than  strata. 
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The  word  hade  is  often  used  as  being  synonymous  in 
meaning  with  the  word  tiuderlie,  and  the  latter  as  being 
synonymons  with  dip.  There  is,  however,  a  considerable 
difference  in  the  meaning  of  these  terras,  as  will  be  seen  bj 

a a    referring    to    Fijj.   4*     Assume  that  the 

plane  abdc  is  inclined  somewhat  as 
shown.  Then,  the  dip  bd  is  measured 
from  a  horizontal  plane;  the  underlie  is 
measured  at  rig^ht  angles  to  the  vertical  hi, 
and  is  the  distance  ^^;  while  the  hade  is 
measured  from  the  vertical  ^^^  by  the 
^^*'  ^  line  df  at  right  angles  to  the  plane  bdt. 

Usually,  there  are  two  inclinations  to  a  deposit;  nameh%  the 
inclination  bd  and  the  side  dip  bh  the  latter  is  the  hade. 
The  underlie  of  a  hade  is  different  from  that  of  the  dip. 
as  shown  by  ie.  Since  the  underlie  is  measured  by  the 
distance  de,  it  will  vary  with  the  depth  and  with  any 
variation  in  the  dip. 

5.    fc§trlke. — The  direction  or  course  of  a  bedded  dep05i| 

or  vein  in  a  horizontal  plane  is  the  strike.  To  understand 
better  the  strike  of  a  deposit,  let  a  horizontal  tunnel  be  i 


a 


^^^ 


^4^^* 
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ceived  as  being  driven  on  a  vein,  turning  when  the  vein  turus"^ 
and  running  straight  when  the  vein  runs  straight;  tlien,  the 
tunnel  is  said  to  follow  the  strike  of  the  deposit.  Aiiy  hori* 
zontal  straight  line  in  the  strike  plane  of  a  deposit  will  be  at 
right  angles  to  the  dip.  The  strike  of  a  vein  is  likely  to  he 
more  uniform  than  that  of  bedded  deposits,  sijice  the  former 
are  fissures  caused  by  contraction,  while  the  latter,  if  inctined^ 
are  distorted  by  dynamic  influences,  or,  if  flat,  are  eroded. 


8*     Conformable   Strata. — Strata   are  said  to  be  con- 
forniable  when  they  are  parallel  or  contiauous,  and  were 
fonned  under  the   same  conditions*     They   are   said  to  be 
Bm:mticonforniable  when  they  are   not  contiouousi  or  were 


Pig.  t 

I  interrupted  by  an  old  land  surface  that  had  been  eroded. 

Fig,  10  illtisiraies  unconformable  strata-  The  strata  shown 
at  a  were  deposited,  contorted^  and  tilted,  and  subsequently 
eroded  to  the  form  shown  in  the  fig^ure.  After  this,  they 
were  once  more  submerged,  and  the  strata  shown  at  ^ 
deposited  in  such  a  manner  as  to  be  unconformable  with 
the  original  strata;  after  the  strata  had  been  deposited,  the 
entire  mass  was  once  more  elevated  and  tilted  slightly,  so 
that  the  strata  ^  were  no  longer  hori^ontaL     There  are  cases 
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in  which  unconformable  strata  are  practically  parallel,  as, 

for  instance,  when  a  land  surface  has  been  eroded  and  then 

submerged  without  tilting  or  contortion,  and  the  subsequent 

strata  deposited  parallel  or  practically  parallel  to  the  original 
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ridge  is  called  the  anticlinal  axle,  and  the  course  or  direc- 
tion of  the  valley  the  synclinal  axis*     Subsequent  erosioaJ 
may  have  entirely  removed  the  original  hills  and  valleys  and' 
produced   a  coniparatively   level    surface^  as    illustrated   in 


i 


Fig-  8-  The  dotted  lines  show  the  manner  in  which  the 
strata  were  originally  bent.  When  the  strata  have  been 
eroded  in  such  a  manner  that  the  anticlines  and  synclioes 
are  no  longer  hills  and  ridges,  the  anticline  may  be  known 
from  the  fact  that  the  same  strata  are  repeated  on  each  side 
of  the  axis  and  that  they  dip  away  from  the  axis,  as  shown 
at  if;  while  a  syncHne  may  be  known  from  the  fact  that  the- 
same  strata  are  repeated  on  each  side  of  the  axis  and  dip! 


X    0     y    .^ 


toward  the  axis,  as  shown  at  a.    The  action  that  forced  or 
crushed   the  material   together  frequently  opened    fissures  j 
along  the  anticlines^  thus  increasing  the  tendency  to  erosion  * 
along  the  ridges ;  and  this  may  have  caused  the  uUim  ate  rem  oval  j 
of  the  ridge  and  the  formation  of  a  valley  along  the  anticline, 
resulting  in  syncline  motmtains  or  hills,  as  shown  in  Fig*  9. 
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8,     Conformable  Strata* — Strata  are  said  to  be  ean- 
formahle  when  thejr  are  parallel  or  continuous,  and  were 

formed  under  the  same  conditions.     They  are  said  to  bej 
tincoiiformablc  when  they  are    not  continuous,  or    wer 
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r interrupted  by  an  old  land  surface  that  had  been  eroded. 
Fig*  10  ilSustrales  unconformable  strata.  The  strata  shown 
at  a  were  deposited,  contorted,  and  tilled,  and  subsequently 
eroded  to  the  form  shown  in  the  figure.  After  this,  they 
were  once  more  submerged,  and  the  strata  shown  at  b 
deposited  in  such  a  manner  as  to  be  unconformable  with 
the  original  strata;  after  the  strata  had  been  deposited,  the 
entire  mass  was  once  more  elevated  and  tilted  slightly,  so 
that  the  strata  h  were  no  longer  horizontal.     There  are  cases 
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in  which  unconformable  strata  are  practically  parallel,  as, 
for  instance,  when  a  land  surface  has  been  eroded  and  then 
submerged  without  tilting  or  contortion,  and  the  subsequent 
strata  deposited  parallel  or  practicaUy  parallel  to  the  original 
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strata.     Such  cases  can  always  be  recognized  from  the  fact^ 
that  the  eroded  land  surface  has  intervened  between  the 
depositing  of  the  formations. 

9.     Unstratlfled  Rocks. — Most  of  the  unstratified  rockal 
have  been  consolidated  from  an  igneous  or  aqueo-igneoysj 
condition.     They  are  found  in  many  different  locaHties;  fof 
the  sake  of  illustration,  some  of  the  common  situations  are^ 
grouped  together  as  shown  in  Fig:.  H*    Unstratified  rocks  may 
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be  tinder  other  rock  masses ^  as  at  a,  or  form  a  ridge  of 
mountain  ranges »  as  at  r.  They  frequently  appear  as  vertical , 
sheets,  filUng  fissures  or  cracks  in  the  rocks,  forming^  dikes,! 
as  at  /ug-,  /i  n,  or  m.  They  sometimes  occur  as  beds  of 
material  forced  in  between  the  strata,  as  at  /;  or  as  overflows 
on  the  surface,  as  at  k;  or  the  overflow  may  form  a  volcanic 
cone,  as  at  o.  Whenever  eruptive  rocks  k  and  n  come  in 
contact  with  sedimentary  rocks  e,  ti,  c,  and  b,  the  latter  are 
usually  metamorphosed  in  the  immediate  vicinity.  I 

10-     Occurrence    of    Aqttco^I^neoaB    Rocks-— The 
aqueo-igneous  rocks,  especially  granite  and  syenite,  which  are 
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termed  Pin  tonic,  occur  in  large  masses  forming  the  axes  of 
great  mountain  ranges,  as»  for  instance,  the  California  and 
Colorado  mountain  rangfes.  As  shown  in  Fi&.  12;  they  may 
appear  in  rounded  masses  in  the  midst  of  stratified  rocks,  as 
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in  several  New  England  States,  around  Lake  Superior,  and  in 
various  parts  of  Canada.  The  rocks  of  the  aqueo-igneous 
Plutonic  group  are  never  found  in  connection  with  scoriae, 
glass,  ashes,  or  other  evidences  of  an  igneous  nature.  Most 
aqueo-igneous  rocks,  particularly  the  Plutonic,  have  evidently 
been  consolidated  under  pressure  in  great  masses  and  at 
great  depths.  Hence,  when  they  are  found  on  the  surface, 
they  must  have  been  exposed  by  extensive  erosion. 

11.  Modes  of  Eruption. — There  have  been  two  general 
modes  of  eruption.  In  one  case,  great  fissures  were  opened 
during  extensive  crust  movements,  and  if  they  extended  to 
the  surface  igneous  matter  or  plastic  magma  has  flowed  from 
them;  at  times,  fissures  were  filled,  even  though  they  did 
not  come  to  the  surface.  The  other  general  mode  of  eruption 
was  that  in  which  lava  came  to  the  surface  through  chimneys 
or  openings  and  flowed  away  as  streams.  The  first  constitute 
what  are  known  as  fissure  erui>tions;  the  second  are  the 
so-called  crater  eruptions,  or  volcanoes  proper.  There 
are  no  records  of  fissure  eruptions,  either  at  the  present  time 
or  during  very  recent  periods,  and  hence,  in  dealing  with 
the  subject  of  modern  volcanoes,  only  the  chimney  or  crater 
eruptions  need  be  considered. 

12.  Positions  In  Which  Lava  May  Occur. — Lava 
deposits  may  occur  in  any  one  of  several  positions,  especially 
when  they  have  been  produced  by  the  great  fissure  eruptions 
of  the  past.  (1)  These  lava  deposits  may  appear  as  vertical 
sheets  filling  great  fissures,  which  by  subsequent  erosion 
have  been  made  to  outcrop  as  dikes;  or  else  they  may  fill 
small  radiating  volcanic  fissures  as  volcanic  dikes.  (2)  They 
may  occur  as  sheets  between  the  strata  {intercalary  beds), 
as  if  forced  between  the  separated  strata  or  else  outpoured  on 
the  sea  bottom  and  subsequently  covered  with  the  other 
deposits.  (3)  They  may  occur  as  great  sheets  or  streams 
that  have  been  outpoured  on  the  land.  (4)  They  may  occur 
as  great  domes  or  masses  between  the  strata. 

13.  Dikes. — Dikes  are  fissures  filled  with  igneous 
material.     They  may  outcrop  for  great  distances  (some  of 
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them  being  more  than  100  miles  long),  and  may  vary  in 
width  from  a  few  inches  to  more  than  100  feet.  They 
extend  down  to  great,  but  unknown,  depths.  If  the  dike 
is  composed  of  hard  material,  it  will  resist  erosion  and  appear 
as  a  stone  ledge  rising  above  the  surrounding  rock.  If  the 
dike  is  composed  of  material  that  is  softer  than  the  adjoining: 
rocks,  it  will  be  weathered  or  eroded  so  as  to  leave  a  hollow 
or  trench  across  the  surface  of  the  country.  The  effect  that 
dikes  produce  on  the  strata  through  which  they  cut  depends 
largely  on  the  character  of  the  strata  and  the  character  of 
the  material  filling  the  dike.  If  the  strata  are  composed 
of  limestone  on  each  side  of  the  dike,  and  the  dike  is  filled 
with  a  material  that  was  injected  at  a  high  temperature,  the 
limestone  on  each  side  of  the  dike  will  be  converted  into 
a  crystalline  marble.  If  the  dike  cuts  through  a  seam  of 
bituminous  coal,  the  latter  will  be  converted  into  anthracite, 
or  possibly  be  reduced  to  coke,  for  a  few  feet  on  each  side 
of  the  dike.  In  Colorado,  a  material  is  found  that  resembles 
charcoal;  and  deep  down  in  the  Bassick  mine,  charcoal  was 
found  in  the  mineral  vein.  In  both  cases,  this  charcoal  was 
found  adjacent  to  eruptive  strata. 

14,  Tjava  Beds,  Sheets,  or  Masses. — When  the  lava 
occurs  as  sheets  or  beds  between  the  strata,  it  would  be 
located  as  shown  at  A  Fig.  11,  and  subsequent  erosion  may 
expose  part  or  all  of  the  deposit.  When  the  material  forced 
between  the  beds  has  been  of  a  somewhat  more  viscous 
nature,  and  hence  did  not  have  such  a  tendency  to  flow  or 
take  a  flat  form,  it  may  crowd  the  strata  up  and  form  a 
laccolite.  When  lava  has  been  poured  out  in  sheets  or  streams 
on  the  surface,  it  will  appear  as  shown  at  k^  Fig.  11;  or,  if 
there  have  been  several  successive  outpourings,  the  lava 
may  appear  in  successive  beds,  as  shown  at  b,  f ,  and  d.  Fig.  13. 
Some  of  these  great  outpourings  from  large  fissures  have 
covered  very  extensive  territories.  The  great  outpourings 
in  the  northwestern  part  of  the  United  States  covered 
Northern  California,  Northwestern  Nevada,  the  greater 
part  of  Oregon,  Washington,   Idaho,  part  of  Montana,  and 
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extended  into  British  Columbia.  In  places  where  this 
overflow  is  cut  through  by  the  Columbia  River,  it  is  shown 
to  be  from  3,000  to  4,000  feet  thick,  and  covers,  approx- 
imately, 200,000  square  miles  of  territory.  The  Des  Chutes 
River »  in  Oregon,  has  eroded  caBons  in  this  lava  field  from 
l.nOO  to  2,500  feet  deep  without  reaching  the  bottom. 
About  a  dozen  extinct  volcanoes  can  be  found  over  this 
areai  but  it  is  probable  that  such  a  large  amount  of  lava  did 
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not  come  from  these  volcanoes,  but  must  have  been  the 
result  of  great  fissure  eruptions,  I.  C.  Russell,  of  the  United 
States  Geological  Survey,  who  made  an  extensive  survey  of 
this  region,  says  the  rock  is  basalt  and  came  through  fissures 
at  various  intervals,  as  shown  by  the  fossil  forests  enclosed 
between  layers. 

15.  Btisalt  Columnar  Btructurc, — Many  of  the  erup- 
tive rocks  exhibit  a  remarkable  columnar  structure.  This  is 
most  conspicuous  in  basaU,  probably  on  accoimt  of  the  fact 
that  basalt  has  evidently  been  heated  much  hotter  than  the 
other  entptive  rocks;  that  is  to  say,  it  has  been  superfnsed^ 
for  the  melting  point  of  basalt  is  lower  than  that  of  many 
other  rocks-  That  it  was  exceedingly  hot  can  be  seen  from 
the  manner  in  which  it  spread  into  thin  sheets.  Fig,  14 
illustrates  a  rough  columnar  structure  as  exhibited  in  the 
basalt  rock  on  the  shore  of  Lake  Superior.  Sometimes,  the 
columns  are  more  perfect  prisms  than  those  shown,  and  they 
may  be  regular  hexagons.  The  columns  are  often  of  con- 
siderable length  (varying  from  a  few  feet  to  50  or  100  feet), 
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west  coast  of   Scotland,  may  be  mentioned   as  especially 
noted  localities  for  this  form  of  basalt  structure. 

16.  Basalt  Horizontal  Structure.— The  direction  of 
the  columns  is  usually  at  right  angles  to  the  cooling  surfaces; 
hence,  in  horizontal  sheets  the  columns  would  be  vertical, 
while  in  a  dike  the  columns  would  be  formed  horizontally, 
and  if  the  dike  was  subsequently  exposed  by  the  erosion  of 
the  adjoining  strata,  it  would  stand  out  much  like  a  pile  of 
cord  wood*     Fig.  15  is  an  illustratiou  of  such  a  dike. 

There  is  little  doubt  that  this  columnar  structure  was  pro- 
duced by  contraction  while  the  rock  was  cooling,  but  it  is 
not  known  why  the  structure  should  be  more  regular  in 
basalt  than  in  any  other  known  substance. 

17,  Volcaulc  Congrlomerate  and  Breccia,  — If  a 
stream  of  fused  rock  from  a  crater  or  fissure  ran  down  the 
bed  of  a  stream,  it  would  gather  up  pebbles  in  its  course, 
and,  after  solidiBcation,  would  form  a  conglomerate,  which 
differs  frora  the  ordinary  conglomerate  in  that  the  cement  is 
of  igneous  material.  In  the  same  manner,  a  stream  of  igne- 
ous material  flowing  over  a  surface  with  broken  rock  or 
rubble  would  take  up  the  material  and  form  a  breccia;  or 
the  front  and  upper  surface  of  the  lava  may  become  cooled, 
and  subsequently  be  crushed  and  broken  by  a  flow  of  liquid 
lava.  This  broken  lava  would  become  mixed  with  the  molten 
lava  and  thus  form  a  breccia.  The  disintegration  of  volcanic 
rock  and  the  transportation  and  depositing  of  the  pieces 
would  give  rise  to  an  aqueous  cemented  conglomerate  or 
breccia  composed  o!  volcanic  material,  and  it  is  often  difficult 
to  distinguish  such  a  deposit  from  the  true  volcanic  breccia. 
These  breccias  and  conglomerates  graduate  into  volcanic 
tufas,  which  consist  of  the  materials  thrown  out  by  volcanoes 
of  the  explosive  type,  and  which  have  flowed  down  the  sur- 
face of  the  mountain  or  valley  as  volcanic  mud*  A  short 
time  ago  a  steamship  in  the  Pacific  Ocean  passed  through  a 
field  of  pulverized  pumice  stone,  the  area  of  which  was 
unknown,  but  whose  lenj^th  was  estimated  at  500  miles*  It 
Is  supposed  that  eruptions  lake  place  beneath  the  oceans, 
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and  the  lava  coming  in  contact  with  the  water  becomes 
granulated  and  floats.  This  lava  will  eventually  sink  and 
possibly  be  the  foundation  of  a  new  rock  formation. 


ANALYSIS    OF    FOLDS 

18.  Deformation. — The  zone  of  fracture  being  near  the 
surface,  the  rocks  are  deformed  chiefly  by  fracture.  They 
are  adjusted  to  their  new  positions  mainly  by  rupture  and 
differential  movements  between  the  separated  parts.  The 
so-called  folds  in  the  zone  of  fracture  are  chiefly  the  result  of 
numerous  parallel  fractures  across  the  strata  with  slight  dis- 
placements at  the  joints,  giving  each  block  a  slightly  different 
position  from  the  previous  one,  and  thus  as  a  whole  making  a 
fold.  Occasionally,  true  folding  may  be  detected,  but  as  a  usual 
thing  close  examination  will  disclose  the  fact  that  slippage 
has  occurred,  and  wherever  such  action  has  occurred  between 
rocks  of  different  characters,  or  sometimes  the  same  character, 
polished  surfaces  termed  slickensides  are  discernible. 

The  zone  of  fracture  and  flowage  naturally  gives  fractured 
folding  and  true  folding.  The  deformation  in  this  case  is  by 
granulation  or  recrystallization,  no  openings  being  produced 
except  those  of  microscopic  size.     When  rocks  have  been 


Fig.  16 

deformed  in  the  zone  of  flowage,  if  any  folding  takes  place 
it  will  be  true  folding.  During  the  time  in  which  the  rock 
migrates  toward  the  surface  as  the  rocks  above  are  eroded, 
deformation  by  fracture  may  occur  from  earth  movements, 
which  will  in  some  cases  obliterate  true  folding. 

19.     Complex  Folds. — Folds  as  they  occur  in  nature  are 
complex  flexures  in  three  dimensions.    Folds  are  due  to  thrust, 
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which  may  come  from  one  or  two  sides:  consequently ,  if  one 
thrust  is  greater  than  another,  folds  may  occur  with  almost 
any  conceivable  bend  or  series   of  bends,  as  in  Figr*    16* 
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that  intersect  each  other.  The  more  important  folds  corre- 
sponding: to  the  greater  thrust  are  longrltudlnal  folds,  as 
at  by  Fig.  18;  while  those  corresponding  to  the  lesser  thrust 
are  the  transverse  folds,  as  at  a.  As  complex  folds  occur 
in  nature  the  compression  is  not  close  in  both  directions; 
and  when  the*  major  folds  are  close,  as  compared  with  the 
minor  folds,  the  complex  folds  have  great  length  compared 
with  the  breadth,  and  are  canoe-shaped,  or  lenticular. 
These  folds  are  particularly  noticeable  in  the  Pennsylvania 
anthracite  regions,  where  they  are  termed  coal  basins.  In 
proportion  as  the  major  and  minor  thrusts  approach  each 
other  in  power,  the  folds  become  shorter  and  broader, 
sometimes  forming  smaller  basins.  The  effect  of  synclinal 
folding  is  shown  in  Fig.  17,  where  basins^  are  formed  between 
hills.     The  effect  of  anticlinal  folding  is  shown  at  c,  Fig.  18. 

20.  Cleavajfo. — The  tendency  of  certain  rocks  to  rup- 
ture along  certain  planes,  or,  as  it  is  termed,  to  cleave, 
seems  to  be  due  to  several  causes,  of  which  probably  the 
chief  is  that  the  small  particles  of  rock  are  flat  parallel  to 
that  direction.  Cleavage  may  be  in  one,  two,  or  three 
planes,  in  the  same  rock,  or  may  be  parallel  to  a  line  rather 
than  to  a  plane.  The  cause  of  cleavage  is  compression,  and 
cleavage  develops  in  planes  normal  to  the  greatest  shorten- 
ing of  the  rock  mass.  This  comes  about  through  flattening 
of  the  original  particles,  either  through  the  recrystallization 
or  in  other  ways,  and  by  the  rotation  of  original  or  secondary 
grains  to  a  parallel  position.  This  flatness  facilitates  rupture 
along  cleavage  planes,  and  in  rocks  whose  particles  over- 
lap it  prevents  smooth  fracture  in  other  directions.  In  the 
case  of  sedimentary  rocks,  cleavage  occurs  along  lines  of 
bedding;  in  metamorphic  rocks,  along  lines  of  pressure  and 
bedding;  in  aqueo-igneous  rocks,  along  lines  of  flowage — 
that  is,  parallel  to  flowage. 

The  theory  advanced  to  account  for  cleavage  is  that  the 
structure  has  been  produced  by  the  action  of  great  compress- 
ive forces,  causing  a  shortening  of  very  small  particles  in 
one  direction  and  an  elongation  in  another  perpendicular  to 


Pthe  direction  of  shortening^,  A  very  close,  sraootb^  slaty 
cleavage  would  develop  in  very  fine-grained  rock  only,  such, 
for  example,  as  slate  and  shale*     This  idea  was  graphically 

^ Illustrated  in  Geology,  Part  1* 
21-     Clues  to  Betid  ingr. — ^Besides  the   structural   diffi- 
culties  arising:   from  complex   folding  and    metamorphism, 


}A'w/mw?;^^7vm^/j^J7^jm 


t^j 


there  occurs  now  and  then  false  bedding.  Whenever  bed- 
ding is  obscured  by  cleavage,  the  bedding  should  be  traced 
otit  by  the  continuity  of  some  sedimentary  grains.  When 
the  sediment  is  homogeneous,  however,  this  becomes  very 
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difficult.  On  a  close  inspection,  lines  of  holes  will  be  seen 
on  the  transverse  joint  faces,  as  shown  in  Fig.  19  (a),  (A), 
and  (r).  Weathering  attacks  these  planes  more  readily, 
but  at  irregular  intervals,  and  the  effect  ia  as  if  small 
limestone  pebbles  had  been  dissolved  out. 
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22.  Differential  Cleavage. — Where  there  is  a  bed  of 
shale  or  slate  enclosed  in  a  coarse-grained  rock,  cleavage  is 
likely  to  be  confined  to  the  former — at  least  it  is  more  pro- 
nounced in  beds  of  shale.  Where  the  adjoining  strata  are 
not  folded,  such  localities  may  afford  a  clue  to  the  relation 
between  the  dip  of  the  cleavage  and  the  direction  of  the 
pressure  that  produced  it.  Fig.  20  is  the  diagram  of  a  ledge 
of  grit  a  and  slate  b.  The  vertical  cleavage  in  the  slate  does 
not  extend  into  the  grit.  If  this  slate  cleavage  originated 
at  the  time  of   folding,   the  force  that  produced    the  fold 

would  seem  to  have 
been  nearly  at  right 
angles  to  the  cleavage; 
on  the  other  hand,  if 
the  cleavage  was  pro- 
duced while  the  beds 
were  horizontal,  the 
direction  of  the  pres- 
sure would  be  about 
45°  to  the  dip  of  the 
cleavage.  That  the 
angle  of  the  dip  of  the  cleavage  is  determined  in  part  by 
the  physical  character  of  the  rocks  is  shown  in  Fig.  21,  where 
the  different  rock  materials — that  is,  the  slate  a  and  the  lime- 
stone h — show  different  cleavages  in  opposite  directions, 
although  both  must  have  been  subjected  to  the  same  pressure. 

STRUCTURE    COMMON    TO    ALI^    ROCKS 

23.  Common  Pocul!ar!t!o^s. — Thus  far  a  brief  descrip- 
tion only  of  the  different  classes  of  rocks  has  been  given. 
There  are,  however,  certain  peculiarities — such  as  joints, 
fissures,  and  veins — that  occur  only  in  the  zone  of  fracture, 
and  are  common  to  all  rocks.  These  will  now  be  taken  up 
in  order. 

24.  Joints. — All  rocks,  whether  stratified  or  igneous, 
are  divided  by  cracks  or  division  planes,  which  run  in  three 
directions  and  separate  the  material  into  irregular  prismatic 
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blocks  of  various  shapes  and  sizes,  as  shown  in  Fig.  23. 
These  divisions  are  called  cracks,  or  Joints.  Fig.  23  illus- 
urates  the  bedding  planes  ad,  cd,  and  df^  and  the  joints 
bb^  €c^  and  ee^  io  a  mass  of  rock,  as  well  as  the  secondary  or 
slaty  cleavage^ A,  which  has  been  induced  by  pressure.  Id 
stratified  rocks,  the  planes  between  the  bedding  constittite 
one  of  the  series  of  joints.  In  igneous  rocks,  all  division 
planes  partake  of  the  nature  of  joints-  In  sandstone,  the 
blocks  are  large  and  irregularly  prismatic.  In  shale,  they 
are  in  long  parallel  divisions*  In  slates,  they  are  small  and 
confused  plates,  though  sometimes  slates  partake  of  the 
same  nature  as  shale.  In  limestone,  the  divisions  are  large, 
regular,  and  frequently  cubical.  In  basalt,  they  are  regular, 
and  the  joints  frequently  give  the  material  a  columnar  struc- 
ture as  previously  shown.  In  granite,  the  joints  are  large, 
and  frequently  divide  the  material  into  rough  right-angular, 
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prisms.     On  account  of  these  divisional  planes,  and  the  way 
in  which  they  divide  the  rock,  perpendicular  or  rocky  dH 
often  present  the  appearance  of  huge  masonry  walls  laid 
without  cement,  as  shown  in  Fig.  24. 

25,     Orlgriii  of  Joints. — The  various  causes  that  have 
been  assigned  for  joints  may  be  classified  under  tension  au 
compression.     \\^en  rocks  are  folded  and   not  too  deep^ 
buried,  the  convex  halves  of  the  anticlines  and  synclines 
subjected  to  simple  tension.     If  the  tension  goes  beyond  the" 
limit  of  elasticity,  radial  cracks  will  be  formed  having  the 
strike  parallel  with  the  longitudina]  axis  of  the  fold.    Joints 
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i  kind  ore  at  ri^ht  anj^les  to  the  tensile  force.  Fig.  25 
this  class  of  joints  as  they  occur  in  some  rocks. 
i  there  are  two  sets  of  stresses  at  ri^ht  anj^les  to  each 
there  will  probahly  be  two  intersecting:  sets  of  joints^ 
ich  the  set  parallel  to  the  more  conspicuous  folds  would 
led  sfn'Jt^^  joints^  while  the 
set  would  be  called  dip 
It  has  been  sug^orested 
me  ^eolog^ists  that,  when 
rata  are  in  a  state  of  ten- 
an  earthquake  shock  may 
the  jointing^.  Joints  might 
been  produced  by  com- 
on,  which  mig^ht  also  have 
i  shearing^.  It  is  well  known  that  the  peculiar  columnar 
ig  of  trap  rocks  is  due  to  the  contraction  and  consequent 
n  caused  by  cooling;  also,  that  the  mud-cracks  of  sedi- 
iry  rocks  are  due  to  the  contraction  and  conseciuent 
•n  caused  by  drying  out.  However,  it  is  not  probable 
lese  causes  were  more  than  locally  important. 


FAULTS 

Normal  Faults. — Faults  differ  from  other  rock 
res  in  that  there  is  dislocation  along  the  fractures,  and 
re  far  more  extensive.     There  are  two  classes  of  faults. 

tension  and  compression: 
the  first  form  in  the  nor- 
mal planes  and  are  known 
as  normal  fiiiillH;  the 
second  form  in  tlie  shear- 
6  ing  planes  and  are  known 
as  rov(^rH4^  faultH,  In 
the  case  of  normal  faults 
there  has  been  a  fissure 
id,  and  the  strata  on  one  side  or  the  other  have  slipped 
wards  by  gravity.  The  reverse  fault  is  due  to  tangential 
t,  which  causes  strata  on  one  side  of  the  fissure  to  paiifl 
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over  those  on  the  other  side,  or  vice  versa.  In  Fig.  26  is 
shown  a  normal  or  gravity  fault,  in  which  the  hang^ing-wall  side 
has  slipped  downwards  assuming  that  the  foot-wall  side  has 
remained  stationary.  The  line  cd  is  the  fissure,  or  slip,  line. 
Originally,  the  beds  /and  d  were  at  the  same  level  as  e  and  a, 
but  owing  to  some  disturbing  influences  they  have  moved 

downwards;  this  is 
what  is  known  by 
the  coal  miner  as 
the  down  throw. 
Assume  now  that 
Fig.  27  is  a  plane  of 
nearly  perpendicular 
strata  cut  by  a  fault 
fissure  cd;  in  this  case,  there  will  have  been  a  movement 
downwards  and  sidewise,  and  what  is  known  by  the  metal 
miner  as  the  rij^ht-liaiid  and  lert-hand  heave  occurs. 

In  the  case  of  the  coal  miner,  to  determine  in  which 
direction  movement  has  occurred,  if  the  miner  meets  the 
fault  in  the  roof  side  of  the  bed  first,  as  at  a,  the  lost 
bed  is  below  him,  while,  on  the  other  hand,  if  he  meets 
the  fault  in  the  floor  side  first,  as  in  ^,  the  lost  bed  is 
above  him.  This  may  be  stated  as  follows:  //  f/ic  fault 
slip  pitches  donnnvards  aivay  from  the  iJiiner^  the  lost  bed  is 
beloiv;  if  it  pitches  downwards  toivard  the  miner^  the  lost  bed 
is  above. 

In  the  case  of  the  metal  miner,  the  heave  will  be  deter- 
mined according  to  the  direction  in  which  the  miner 
approaches  the  fault.  If  he  approaches  it  from  by  he  will 
meet  the  fault  line  cd  first  on  his  right-hand  side  and  later 
on  his  left-hand  side,  so  that  the  angle  that  the  fault  makes 
with  the  bed  is  greater  on  his  left-hand  side  and  he  has 
a  left-handed  heave.  The  same  reasoning  will  apply  when 
working  from  a,  to  the  fault  line  cdy  and  there  will  also 
have  been  a  left-handed  heave.  In  general,  therefore,  the 
lost  part  of  a  7iormal  fault  is  found  by  follo7ving  the  fault  in 
the  direction  of  the  i>reater  a?ij^le,  made  by  the  strata  and  the 
fissure  intersectijig* 
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shown  in  Fig.  28.  If  the  hade  is  very  steep,  gjavity  may  be 
able  to  overcome  the  tangential  thrust,  even  if  the  latter  is 
several  times  as  great  as  the  former.  In  cases,  it  is  probable 
that  tangential  thrust  even  much  weaker  than  gravity  may 
overcome  and  produce  a  reverse  fault.  In  Fig.  29  (a),  the 
strata  are  shown  before  the  fault  line  has  occurred;  while  in 
Fig.  29  (d),  the  strata  are  shown  after  the  fault  has  occurred. 
It  may  be  assumed  here  that  some  shock  has  caused  the  line 
of  faulting.  Finally,  Fig.  29  (c)  shows  a  further  faulting,  due 
to  the  thrust  sliding  the  strata  along  the  hade  of  the  fault. 
The  reverse  fault  shown  in  Fig.  29  (d)  is  an  overlap  fold, 
which  afterwards  received  some  shock,  and  for  that  reason 
could  be  termed  an  overlap  fault.  It  is  to  be  noted  that  the 
rule  for  greater  angle  does  not  apply  in  this  case,  and  that 
there  is  no  rule  to  follow  except  what  the  rock  formation  on 
the  other  side  of  the  fault  teaches.  It  is  necessary,  for  a  true 
solution  of  the  fault  problem,  to  have  a  thorough  knowledge 
of  the  strata  above  and  below  the  fault  before  deciding  on 
which  angle  to  begin  work  in  order  to  find  the  lost  bed. 
Fortunately,  normal  faults  are  more  frequent  than  reverse. 

28.  Tension  Faults. — Since  faults  might  occur  from 
tension  as  well  as  from  compression,  they  too  will  form  in 
normal  planes,  and  will  be  steeply  inclined.  It  is  such  faults 
as  these  that  the  metal  miner  more  particularly  encounters, 
and  as  tension  has  no  thrust  in  connection  with  it  gravity  has 
full  effect  and  there  is  a  downward  slide  of  the  strata,  possibly 
with  some  side  motion,  making  it  necessary  to  drive  either  to 
the  right  or  to  the  left  in  order  to  find  the  lost  vein.  Fig.  27 
illustrates  a  vein  that  has  been  so  cut  by  a  fault  plane  cd  2ls 
to  be  separated  into  two  portions  a  and  d.  The  sections  e  and/ 
were  on  the  same  plane  before  faulting  occurred.  It  will  be 
noticed  that  /  has  descended  perpendicularly  with  reference 
to  t\  as  the  dotted  lines  indicate;  and,  since  every  other  plane 
in  the  faulted  part  d  has  done  the  same,  a  left-handed  heave 
has  occurred.  In  driving  on  the  vem  a  toward  the  fault,  the 
greater  angle  o  is  to  the  left;  while  driving  on  the  vein  b 
toward  the  fault,  the  greater  angle  j  is  to  the  left. 
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MINERAIi  VEINS 

29.  Definition. — Fissures  have  different  depths  and 
widths.  Usually,  they  are  narrow,  although  long,  and  are 
confined  to  the  zone  of  fracture.  In  case  a  fissure  is  long,  it 
may  generally  be  taken  as  having  considerable  depth.  When 
fissures  are  filled  with  minerals  that  have  been  deposited 
from  solutions,  they  are  called  veins.  In  many  fissures, 
metallic  minerals  have  been  concentrated  by  nature,  in  which 
case  they  are  termed  metalliferous  veins.  If  the  concentra- 
tion has  been  such  that  the  metallic  minerals  are  sufficiently 
abundant  to  make  it  worth  while  excavating  them,  the  vein 
becomes  an  ore  deposit.  Ore  deposits  are  not  all  confined 
to  veins,  but  occur  as  regular  replacements  in  both  igneous 
and  sedimentary  rocks.  The  great  iron-ore  deposits  of  the 
Lake  Superior  region  are  concentrates  in  regular  sedimen- 
tary formations,  and  the  famous  copper  deposits  of  Keweenaw 
Point  are  replacements,  in  both  igneous  and  sedimentary 
rocks,  that  are  in  no  sense  veins. 

30.  Fissure  Veins. — Fissure  veins  cannot  extend 
below  the  zone  of  fracture,  in  fact,  every  vein  is  a  fissure 
vein,  although  in  all  probability  long  and  wide  veins  extend 
to  a  greater  depth  than  short  or  narrow  veins.  This  has  been 
determined  by  excavating  tunnels  in  mountains  to  cross-cut 
veins  known  to  exist  at  the  surface.  In  some  instances,  veins 
have  been  cut;  in  others,  they  have  not;  again,  veins  not  found 
at  the  surface  have  been  cut  by  the  tunnel.  Experience  has 
developed  the  fact  that  cross-cut  tunnels  are  only  sure  of  cut- 
ting veins  that  outcrop  at  the  surface  when  the  vein  has  been 
sunk  on  to  a  depth  equal  to  that  of  the  tunnel  below  the 
surface. 

31.  Theory  of  Mineral  Deposits. — There  have  been 
endless  discussions  as  to  whether  ore  deposits  are  pro* 
duced  by  descending,  lateral,  or  ascending  mineral  waters. 
A  broad  view  of  the  subject  shows  that  when  the  ideas  are 
combined  they  furnish  a  more  satisfactory  theory  than  any 
one  alone.     In  the   first  stage  of  concentration  of   many 

154—21 


26  GEOLOGY  ^  §38 

deposits,  the  waters  are  descending:.  DurinsT  the  descent, 
they  are  widely  dispersed  in  small  passages,  have  an  exceed- 
ingly large  surface  of  contact  with  rocks,  come  under  con- 
ditions of  increasing  temperature  and  pressure,  and  move 
slowly  downwards.  All  these  conditions  favor  solution  to 
the  point  of  saturation.  There  is  no  doubt  a  lateral  mov^ 
ment  of  the  waters  that  sooner  or  later  reaches  the  trunk 
channels  or  fissures,  and  this  lateral  movement  is  greater 
near  water  level,  whence  it  steadily  decreases  to  the  bottom 
of  the  zone  of  fracture. 

As  fissures  die  out  with  depth,  all  waters  that  enter  them 
must  do  so  from  the  side  or  top  and  not  from  the  bottom. 
While  the  amount  of  water  laterally  entering  a  fissure  steadily 
decreases  from  near  its  top  to  the  bottom,  the  amount  of 
mineral  material  per  unit  volume  in  all  probability  steadily 
increases;  hence,  if  deep  rodks  can  furnish  metalliferous 
materials,  such  waters  will  be  heavily  charged. 

32.  Liocatiou  of  Ore  DeposltH. — Ascending  waters 
usually  follow  the  larger  rock  fissures,  so  that  ore  deposits 
occur  mainly  in  such  openings.  Water  enters  this  channel 
laterally  from  possibly  very  many  levels;  as  it  does  so,  it 
begins  also  to  ascend.  The  movement  of  water  in  these 
fissures  is  slow  and  increases  from  above;  and,  since  slow 
movement  of  water  is  favorable  to  deposition,  it  is  possible 
that,  at  moderate  depth,  and  especially  in  the  deeper  parts  of 
a  channel  from  which  the  flow  at  the  surface  is  rapid,  condi- 
tions are  those  of  slow  movement  and  rapid  precipitation  of 
mineral  deposits. 

As  the  water  passes  upwards,  each  stream  issuing  into  the 
fissure  differs  in  its  solutions  and  the  character  of  the  wall 
rock  may  vary  from  place  to  place;  pressure  and  temperature 
are  also  lessening;  and,  as  all  these  conditions  are  favorable 
to  precipitation,  it  may  be  stated  with  considerable  safety 
that  many  ores  are  precipitated  by  ascending  waters  in 
fissures.  Van  Hise  considers  the  Lake  Superior  iron-ore 
deposits  to  have  been  formed  by  downward  moving  waters 
in  trunk  channels  formed  by  fracturing  the  rocks,  as  these 
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channels  occur  for  the  most  part  in  synclinal  troughs  in  the 
iron  formation  or  in  troughs  formed  by  the  intersection  of  a 
iike  with  a  foot-wall. 

33.  Variation   in   the  Richness  of  Ore  Deposits. 

It  is  well  known  that  an  ore  deposit  varies  in  richness  in  an 
exceedingly  irregular  manner.  At  a  place  in  a  fissure  where 
a  mineral  is  found  abundantly,  the  explanation  is  that,  at  or 
near  that  place,  there  entered  a  stream  that  either  carried  the 
precipitated  metal  or  carried  an  agent  capable  of  precipi- 
tating the  metal.  For  instance,  it  is  believed  that,  where 
the  great  bonanza  of  the  Comstock  lode  in  Nevada  was 
found,  there  or  near  there  solutions  rich  in  gold  and  silver 
entered  that  met  a  solution  capable  of  precipitating  these 
metals. 

34.  Ore  Shoots. — Ore  shoots,  or  chimneys,  of  ores 
of  exceptional  richness  are  some  of  the  vein  phenomena. 
Their  direction  is  sometimes  parallel  with  the  dip  of  the 
strata;  at  other  times  its  underlay  is  to  the  right  or  to  the  left 
of  it.  In  some  instances,  chimneys  are  supposed  to  be  the 
necks  of  extinct  volcanoes;  in  other  instances,  they  are  cross- 
fractures  where  two  fissures  meet,  each  carrying  metalliferous 
materials  or  solutions  capable  of  precipitating  the  metal- 
liferous metals  at  their  junction.  Again,  they  are  probably 
the  larger  channels  through  which  the  solutions  have 
ascended  from  greater  depths  or  wider  areas.  It  is  cer- 
tain that,  where  Iwo  fissures  cross  each  other,  each  will 
have  different  ores  that  may  change  completely  after  cross- 
ing the  junction.  Jenney  says  that  lead-zinc  deposits  are 
large  where  fissures  cross.  The  rich  Mapimi  silver-lead 
deposit  in  Mexico  is  at  the  junction  of  several  veins.  Spurr 
states  that  in  the  Aspen,  Colorado,  silver  district,  the  rich 
ore  bodies  are  generally  found  at  the  intersection  of  two 
faults.  Rickard  states  that  at  the  Enterprise  mine,  Rico, 
Colorado,  the  cross-veins  are  barren,  but  that  rich  ore  bodies 
overlie  them  in  the  contact  zone.  Penrose  states  that  in 
Cripple  Creek,  Colorado,  many  of  the  rich  rire  bodies  occur 
at  cross-fissures. 
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35.  Contact  Deposits. — Many  ore  deposits  occur  where 
two  different  rocks  come  in  contact — not  always  in  the  con- 
tact but  in  one  of  the  near-by  rocks.  A  solid  when  placed  in 
contact  with  a  liquid  may  precipitate  some  compound  held  in 
solution,  part  of  the  solid  going  into  solution  at  the  same 
time.  The  wall  rock  may  furnish  the  precipitating  solutions, 
or  it  may  furnish  the  mineral  to  be  precipitated,  and  thus 
have  influence  on  the  deposit.  Where  the  wall  rock  is 
easily  soluble,  enlargements  of  the  openings  occur,  furnish- 
ing places  for  the  deposition  of  the  metalliferous  material; 
or  again  changes,  such  as  metasomatism,  may  produce  with 
the  acids  of  solutions  metal  deposits  termed  veins  of 
se^reiiration.  As  illustrations  of  this  action  may  be  cited 
the  tin  ores  of  Cornwall,  England;  the  association  of  lead, 
silver,  and  zinc  ores  with  limestone;  and  of  the  copper  car- 
bonates with  limestone. 

In  case  a  circulating  water  was  acid  the  limestone  would 
neutralize  it,  and  the  precipitation  of  a  sulphide  might  be  the 
consequence;  or,  as  in  Missouri,  the  wall  rock  might  furnish 
the  lead.  Another  instance  of  precipitation  resulting  from 
the  influence  of  wall  rock  is  the  well-known  occurrence  of 
metallic  copper  about  grains  of  magnetite,  and  in  the  open- 
ings of  the  sandstone,  conglomerate,  and  amygdaloid  of 
Keweenaw  Point,  Lake  Superior.  Where  the  copper  is  about 
grains  of  magnetite,  it  seems  perfectly  clear  that  the  iron 
oxide  in  the  magnetite  was  the  reducing  agent  that  precipi- 
tated the  metallic  copper.  The  metallic  copper  between  the 
particles  of  sandstone  was  doubtless  precipitated  by  ferrous 
solutions  furnished  by  the  wall  rocks,  which  in  many  cases 
are  basic  volcanics.  The  relations  due  to  country  rock  are 
more  likely  to  be  effective  when  that  rock  is  sufficiently 
porous  to  permit  solutions  to  permeate  it.  Electric  calamine 
in  the  Clark  mine,  near  Allisonia,  Virginia,  has  evidently 
been  precipitated  from  zinc  solutions  by  limonite;  while  the 
smithsonite  at  the  Bertha  mine  about  10  miles  away  has  been 
precipitated  on  the  limestone  wall  rocks  in  a  somewhat 
similar  manner.  Frequently,  both  silicate  and  the  carbonate 
of  zinc  are  found  in  the  same  mine. 
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36,     Sl^e  of  Veins* — In  Figf*  30  is  shown  m  moimtain 

scarred  with  veins  ihai  are  termed  fissure  vi^lii^,  because 
of  their  great  length  and  apparent  depth.  They  may  be 
wide;  like  dikes,  and  are  then  in  Australian  parlance  termed 
reefs  or  leilf^es.  In  South  Africa  nn  the  Tran^ivaaU  the  con- 
glomerate formation  containing  the  gold  is  termed  a  banket 
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reef.     It  is  known  to  reach  a  depth  of  5,000  feet,  while  the 
copper  vein  in  Lake  Superior  is  more  than  a  mile  deep. 

Veins  are  exceedingly  irregular  in  form  and  width,  due  to 
the  movements  that  have  occurred  after  fracture.  For 
I  example,  assume  that  at,  in  Fig.  31  (a),  is  a  rock  Unsure* 
and  that  the  side  f  has  moved  downwards  and  come  to  rest 
io  some  such  position  as  that  Bhown  in  Fijf.  81  (//)»  forming 
alternate  wide  and  narrow  spaces  that  become  filled  with 
vein  material.  Where  the  vein  becomeit  small  as  at  e/,  it  i& 
said  to  pinch.     There  is  a  limit  to  the  koglb  of  all  fissures, 
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and  where  they  gradually  become  lost  by  merging  into  the 
country  rock  the  vein  is  said  to  die  out.     Veins,  like  fault 
fissures,  may  be  a  few  feet  long  or  extend  several  miles 
on  the  surface.     Besides  the  lenticular 
form   shown   in   Fig.  31   (d),  which  is 
quite  common,  there  is  a  side  dip  to 
veins  that  is,  on  an  examination  and 
reflection  of  the  fault  illustrated  itv 
Fig.  27,  seen  to  be  quite  natural,  fo^ 
downward  movement  infers  that  theX"^ 
must  be  some  lateral  movement,  whic^^ 
will  give  the  mass  the  form  of  shoo'"^^ 
shown  in  Fig.  32,  with  a  dip  a  inste^*^ 
of  a  dip  dy  or  the  regular  dip  of  the  vein.     The  strike  cd    ^^\ 
not  changed,  and  the  dip  a  also  conforms  to  the  dip  d, 
has  a  side  inclination  or  hade.     The  lenticular  form  of  oi 
bodies,  whether  in  veins  or  in  beds,  has  some  significanc^^^' 
although  the  cause  of  these  forms  has  not  been  fully  worke-^ 
out.     As  a  general  statement,  the  quantity  of  metalliferou    -^^ 
minerals  in  a  vein  is  imiform,  so  that  in  case  the  vein  widen.     ^^ 
the  ore  becomes  leaner,  or  as  it  pinches  the  ore  becomes-    ^^^ 
richer.     Again,   as  a  general    statement,   the  ore  becomes    ^^ 
richer  in  localities  that  are  in  some  instances  quite  uniforn-^^^^ 
distances  apart  both  on  the  strike  and  on  the  dip.     Thes^^    ^ 
may  be  termed  pockets. 
Frequently,  the  metallifer- 
ous portions  of  a  vein  will 
not  be  continuous,  but  will 
jump  from  the  hanging  to 
the  foot-wall,  or  again  be  in 
the  center  of  the  deposit,  or 
still  again  be  separated  into 
one   or   more    stringers. 
Sometimes,  these  stringers  are  only  1  inch  wide,  but  have  alC  ^ 
the  values  concentrated  in  them. 


Fig.  32 


37.     Horses,    Gnnprue,    and    Gouge. — When    rock   is 
faulted,  it  does  not  always  move  in  perfectly  straight  planes 
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and  frequently  the  break  is  irregulat  in  the  direction  of  both 
the  hade  and  the  strike.  Sometimes,  tlie  fisstixes  are  filled 
with  numberless  pebbles,  and  then  the  conglomerate  is 
formed  by  some  cementing  material,  as  in  the  case  of  the 
Transvaal  banket,  and  the  Calumet  and  Hecla  amygdaloid 
structure.  The  Bassic  mine  at  Silver  Cliff  and  the  Bull 
Domingo  at  Rosita,  Colorado,  are  chimneys  containing 
rounded  boulders  covered  with  layers  of  lead  and  due 
minerals  carrying  gold*  When  masses  of  country  rock  have 
fallen  into  the  fissure*  or  the  vein  has  surrounded  some  por- 
tion of  the  wall  rock,  as  shown  Jn 
Fig.  33,  it  is  termed  a  horse. 

Between  the  walls  of  a  vein  there 
is,  besides  metalliferous  minerals, 
deposits  of  barren  mineral  termed 
jtanicue-  The  most  of  a  vein  is  com- 
posed of  gangue,  which  as  a  usual 
thing  is  barren  of  valuable  mineral. 
The  chief  gangue  minerals  are  feld- 
spar, fluorspar,  calcspar,  and  quartz, 
with  now  and  then  barium  sulphate  or 
carbonate  with  lead  ores  and  wolfram. 
In  case  there  has  been  a  movement 
,]ietween  the  vein  and  the  vein  walls,  ^^^'  ^ 

Another  slight  fissure  will  be  formed,  due  to  abrasion.  This 
will  be  filled  with  material  that  has  been  pulverized  by  the 
movement,  or  by  other  material  that  has  seeped  into  the 
crack  from  the  surface.  Such  filling  is  usually  soft  and 
clayey,  and  to  it  has  been  given  the  names  ij^oti^o  and 
gelvii^^.  Sometimes,  it  may  contain  valuable  minerals,  but 
more  often  it  does  not.  Frequently,  slickensides  are  notice- 
able on  the  wall  back  of  the  gouge  or  on  the  vein  mineral, 
thus  giving  positive  proof  of  movement  having  occurred, 

38*  Contact  Deposits, — Deposits  of  ore  frequently 
occur  at  the  contact  between  igneous  rocks  and  the  adjoin- 
ing sedimentary  rocks,  or  between  joints  or  cracks  of  conn- 
try  rock,  especially  where  two  different  rocka  meet.     Fig.  34 


illustrates  a  number  o!  these  cases.  In  the  lower  part  of 
the  figure  J  the  original  country  rock  was  g^neiss.  This  was 
cut   by    a  large  porphyry  dike,   and  subsequently   contact 

veins  fonned  at  im 
and  Hi?  on  each  side 
of  the  dike.  The 
fissure  pr  was  filled 
as  a  regular  or  true 
fissure  vein<  Subse- 
quently* the  surface 
was  eroded  and  the 
deposit  of  quartzite 
k  ij k  laid  down, prob- 
ably as  a  sandstone. 
Then,  on  top  of  this 
the  limestone  was 
deposited;  subse- 
quently^  the  region 
was  again  disturbed, 
and  the  intrusive  por- 
phyry dike  c  forced 
into  limestone.  After 
thlSi  contact  deposits  formed  along  both  sides  of  the  intrusive 
sheet  of  porphyry^  as  at  ^^  and  bd.  Farther  down  in  the 
limestone,  the  bedding  plane  ei  became  an  ore  bed.  and 
the   vertical  joints  ^        * 

through  the  limestone  J^f  J*4* 

became  mineralized. 
The  contact  //  i 
between  the  quartzite  Biam^r^^^ 
and  the  limestone 
also  became  a  con- 
tact deposit,  the  ore 
extending  slightly 
into  the  joints  of  the  quartzite*  but  no  contact  ore  bodsr  was 
formed  along  the  line  jk  between  the  quartzite  and  the 
gneiss*  It  is  evident  that  the  porphyry  played  an  important 
part  in  the  formation  of  these  ore  bodies  in  the  limestone* 
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Fig.  35  illustrates  another  case  in  which  a  dike  and  an  over- 
flow of  poiphyry  have  been  itistrumental  in  forming  contact 
veins  between  the  porphyry  and  the  limestone, 

39*  Sui*face  Changes t — Mineral  veins  seldom  show  on 
the  outcrop  their  original  condition,  as  their  surface  expo- 
sures have  been  changed  by  the  influence  of  atmospheric 
agencies,  which  render  their  appearance  along  the  outcrop 
quite  different  from  that  of  the  same  vein  at  a  greater  depth* 
A  practical  knowledge  of  these  changes  is  of  great  impor- 
tance to  any  one  searching  for  minerals  of  value,  but  the 
changes  are  extremely  various,  diflfering  not  only  according 
to  the  metallic  contents  of  the  vein,  but  also  according  to  the 
g^angue  material  and  to  the  country  rock;  therefore,  a  knowl- 
edge of  the  conditions  in  any  given  case  can  only  be  obtained 
by  observation  in  that  locality.  It  may  be  well  to  take  up 
the  general  clianges  that  occur  in  a  few  of  the  most  prominent 
minerals  as  examples  oi  this  class  of  atmospheric  effects, 

40*  Copper  Veins*— Most  copper  minerals  exist  as 
some  form  of  sulphide,  and  frequently  as  a  double  sulphide 
with  iron,  CuFeS*.  On  the  outcrop  of  such  copper  deposits, 
the  vein  usually  con-  a,^ 

tains  little  ornocopper,  ^^..^^^  ^  ^  ^ 

but  consists  of  altered 
gangue  materials, 
among  which  are 
scattered  masses  of 
brownish   hydrated 

ferric  oxide  usually  in  ^^^^^  j^^^Ml^^^M 

a  light  spongy  condi- 
tion. This  peculiar 
form  of  iron  oxide  is 
characteristic  of  the 
outcrop  of  copper 
vems,  and  is  called 

DTossan.  Below  the  gossan  there  occurs  a  rich  deposit  of 
copper  minerals  composed  of  native  copper,  red  and  black 
oxide  of  copper,  green  and  blue  carbonates  of  copper,  etc. 
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Below  this,  at  water  level,  the  vein  will  be  found  in  its 
unaltered  condition.  Sometimes,  the  rich  deposit  is  located 
on  one  wall  more  than  on  the  other;  at  other  times,  it  extends 
entirely  across  the  vein  at  or  near  the  drainage  level  of  sur- 
face waters.  These  conditions  are  illustrated  in  Fig.  36. 
The  outcrop  of  the  vein  is  at  a;  b  is  the  gossan;  ^represents 
the  rich  deposit  of  secondary  mineral;  c  is  the  imaltered  por- 
tion of  the  vein;  e  is  the  hanging  wall;  while  /  is  the  foot-wall. 
The  portion  of  the  vein  b  undoubtedly  contained  originally  the 
mineral  in  practically  the  same  condition  in  which  it  is  found 
in  the  portion  c\  but  the  action  of  the  surface  water  has  leached 
out  the  copper  and  redeposited  it  at  d.  The  deposit  d  may 
represent  the  copper  from  not  only  the  portion  of  the  vein  b^ 
but  also  from  a  greater  portion,  for  probably  the  process  of 
erosion  has  gone  on  simultaneously  with  the  process  of  leach- 
ing, and  hence  a  considerable  portion  of  the  leached  ore  may 
have  been  removed  by  erosion.  Sometimes,  where  gold  or 
silver  ores  occur  associated  with  the  copper  ores,  the  gold 
may  remain  in  the  gossan,  together  with  a  portion  of  the 
silver,  so  that  the  outcrop  of  the  vein  appears  to  be  a  gold 
or  silver  ore  rather  than  a  copper  ore.  This  was  especially 
true  of  most  of  the  mines  at  Butte,  Montana.  The  rich 
deposit  of  secondary  mineral  may  occur  quite  near  the 
surface  or  may  be  several  hundred  feet  below  the  surface, 
depending  largely  on  the  topography  of  the  country  and  on 
the  depth  at  which  water  circulates.  As  sulphate  of  copper 
is  soluble  in  water,  considerable  copper  in  this  form  has  in 
all  probability  passed  off  from  the  deposit  during  the  time 
the  gossan  has  been  forming,  as  well  as  after  it  had  formed. 

41.  Ijond  Deposits. — The  natural  form  in  which  lead 
occurs  seems  to  be  that  of  sulphide  of  lead,  or  gralena,  but 
along  the  outcrop  of  the  veins  it  is  commonly  found  as  a 
earhonato.  The  explanation  seems  to  be  that  the  galena, 
PbS,  is  decomposed  by  atmospheric  agencies  and  becomes  a 
sulphate,  PbSO,,  and  then  the  sulphate,  by  reaction  with  car- 
bonate of  lime  derived  from  the  wall  rocks,  or  from  calcspar 
in  the  gangue  material,  becomes  carbonate  of  lead.     In  proof 
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of  this,  it  is  stated  that  the  galena  thrown  out  from  lead 
mines  in  England  along  with  the  rubbish  of  limestone,  has 
all  in  the  course  of  time  been  changed  into  carbonate, 
Moreover,  it  is  common  to  find  in  lead  deposits  masses  ol 
sulphide  changed  on  the  outside  to  carbonate.  Near  Knox- 
ville,  Tennessee*  carbonate  of  lead  is  found  that  has  been 
deposited  from  solutions  of  lead  derived  from  zinc-lead 
deposits  near  by, 

42.  Gold  DeposltB, — Gold  is  found  associated  largely 
•with  pyrite  or  other  metallic  sulphides.  Gold  always  seems 
to  be  in  a  metallic  state,  even  when  contained  within  the 
crystals  of  the  sulphides.  At  the  outcrop  of  a  vein  the 
sulphides  become  oxidized  and  converted  into  sulphates, 
which  are  leached  out  by  the  circulating  waters,  leaving  in 
the  case  of  pyrite  some  ferric  oKide  and  free  gold.  On  this 
account,  the  gold  in  the  outcrop  of  most  veins  is  in  a  free 
condition;  while  at  greater  depths  a  large  portion  of  the 
gold  may  be  incased  in  the  sulphides.  The  quartz  of  the 
vein  that  originally  contained  the  sulphide  is  left  in  a  gran- 
ular or  porous  condition  by  the  leaching  out  of  the  sulphide, 
and  it  is  frequently  colored  red  by  the  remaining  oxide  of 
iron.  As  in  the  case  of  the  ores  previously  described,  the 
effect  of  these  surface  agencies  may  extend  to  a  depth  of 
several  hundred  feet,  but  below  that  point  the  gold  is  usually 
found  associated  with  the  sulphides.  In  case  the  ore  at  the 
onlcrop  of  a  vein  is  not  oxidized,  the  ore  is  not  considered 
as  extending  downwards  any  considerable  depth,  since  veins 
usually  afford  some  opportunity  for  surface  waters  to  perco- 
late through  them,  and  the  fact  that  they  do  not^  indicates 
that  the  vein  matter  is  tight  and  that  naturally  the  vein  is 
not  deep.  Gold  crystals  are  found  which  would  indicate  that 
^old  has  been  deposited  from  solutions.  The  Crystal  mine, 
near  Douglas  Island,  Alaska,  contained  many  such  crystals 
and  possibly  contains  some  at  the  present  time. 

43.  Rielioefss^  With  Deiiili.^ — Many  assertions  have 
been  made  in  regard  to  the  effect  of  depth  on  the  richness  of 
ore  deposits.    Some  claim  that  fissure  veins  become  richer  with 
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depth,  while  others  hold  to  the  opposite  theory.  There  seems 
to  be  no  particular  gfround  or  reason  for  either  belief,  and  so 
far  as  is  now  known  no  definite  law  can  be  stated  concerning 
this  point.  Some  veins  have  been  explored  to  a  depth  of  a 
mile,  and  have  not  been  found  to  change  to  any  considerable 
degree  in  value,  while  others  may  have  a  number  of  alter- 
nate changes,  first  becoming  richer  and  then  poorer.  As 
previously  stated,  the  walls  enclosing  a  deposit  may  pos- 
sibly have  some  effect  on  the  value  of  the  vein;  for  instance, 
it  is  not  uncommon  to  find  a  vein  containing  good  ore  while 
passing  through  limestone,  but  on  following  it  into  the 
underlying  granite  it  may  be  pinched  out  and  become 
barren  or  almost  barren,  or  it  may  carry  some  other  mineral 
than  the  one  that  formed  the  principal  value  of  the  ore  in 
the  limestone.  From  this  it  will  be  seen  that  the  statement 
so  often  met  in  the  prospectuses  of  different  mining  com- 
panies that  fissure  veins  always  become  richer  as  they  gain 
in  depth  has  no  foundation  whatever. 

In  many  cases,  the  proportion  of  iron  sulphide  becomes 
greater  as  the  depth  of  a  vein  below  water  level  increases, 
and  there  is  generally  a  lessening  proportion  of  other  metals. 
While  it  is  known  that  iron  is  the  most  abundant  mineral, 
this  fact  does  not  explain  the  relative  increase  of  iron  sul- 
phide and  the  decrease  of  more  valuable  sulphides.  To  do 
this,  for  there  are  many  cases  where  sulphide  deposits 
continue  to  a  great  depth  without  diminution  in  richness,  an 
oxidized  belt  must  be  assumed  to  have  formed  before  pre- 
glacial  or,  in  some  instances,  before  Permian  times;  if  this 
is  the  case,  the  belt  has  been  swept  away,  and  sufficient  time 
has  not  since  elapsed  for  another  to  form.  The  ore  deposits 
now  worked  have  apparently  remained  practically  unchanged 
since  the  time  of  their  first  concentration.  In  this  fact  there 
is  an  explanation  of  the  great  richness  of  some  deposits  to 
extraordinary  depths. 

44.     I'lacer  Deposits. — During  the  process  of  erosion 

and  disintegration  of  rock,  it  has  been  observed  that  the 
material  eroded   undergoes    a    sorting    action  while   bein^ 
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traosported  and  deposited  by  water.  During  this  sorting 
action  the  heavier  particles  settle  first.  Certain  heavy 
minerals  or  metals  are  unafiFected  by  the  atmosphere^  and 
hence  would  naturally  collect  as  deposits  near  the  places 
from  which  they  were  eroded.  Among:  this  class  of  material 
may  be  mentioned  gold,  platinum,  tinstone,  or  oxide  of  tin, 
monazite  sands,  and  some  precious  stones.  Those  deposits 
that  contain  metallic  gold  are  termed  placer  deposits, 
It  is  probable  that  many  of  the  placer  deposits  contain 
practically  all  the  gold  from  very  large  areas  of  strata  that 
have  been  eroded,  the 'greater  part  of  which  has  been  washed 
to  the  sea,  leaving  the  gold  and  other  heavy  minerals  deposited 
comparatively  near  the  parent  rocks  from  which  they  came. 

45.  Brlft  Gravel  Beds  of  California. — Some  evi- 
dences in  regard  to  the  formation  of  placer  deposits  can  be 
obtained  from  a  study  of  the  gold- gravel  beds  of  California. 
These  deposits  are  in  ancient  river  beds,  which  have  subse- 
quently been  covered  with  lava  flows.     Fig.  37  illustrates 


» 


such  a  condition.  The  original  river  bed  was  in  the  hol- 
low tf.a,  and  its  gravel  deposit  was  subsequently  covered 
by  an  overflow  of  lava  bi  c.c  are  the  present  river  beds.  The 
lava  in  these  overflows  is  frequently  underlaid  by  a  deposit 
of  volcanic  scoria  or  mud,  and  the  lava  itself  is  not  of  dense 
character.  The  gravel  in  the  ancient  river  deposits  usually 
contains  more  or  less  driftwood  and  other  organic  matter* 
Waters  percolating  through  the  lava  beds  have  become  alka- 
line, and  have  taken  silica  and  various  sulphides  in  solution^ 
which  they  have  subsequently  deposited  in  the  old  river 
channel.  Some  of  the  org^anic  material  has  been  petrified » 
that  is,  turned  into  stone.  Iron  pyrites  have  been  deposited 
in  some  parts  of   the  g^ravel  formation ,  and  these  pyritic 
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crystals  frequently  carry  gold  very  similar  to  that  found  in 
the  ordinary  gold  vein.  But  probably  the  strangest  part  of 
the  deposit  consists  in  the  growth  of  gold  nuggets.  The 
placer  gravel  undoubtedly  originally  contained  small  gold 
nuggets,  and  in  many  cases  they  seem  to  have  been  enlarged 
by  the  subsequent  deposits  of  gold  on  the  outside,  until  they 
have  grown  to  masses  that  in  some  cases  weigh  several 
pounds.  Just  as  the  dentist  with  a  slight  blow  welds  gold, 
so  it  is  probable  that  the  growth  of  gold  is  due  to  a  welding 
process,  and  not  to  depositions  of  gold  from  solutions. 

46.  Liead  and  Zinc  Deposits. — Sulphide  of  lead  and 
sulphide  of  zinc  frequently  occur  together  in  dolomite  rocks. 
By  the  action  of  circulating  waters  it  sometimes  occurs  that 
deposits  of  zinc  silicate  and  carbonate  are  formed  near  by. 
Galena  is  also  converted  in  the  same  manner  into  carbonate 
of  lead,  but  not  on  such  an  extensive  scale.  Lead-silver 
deposits  are  not  uncommon,  but  only  few  mines  in  the  United 
States  are  worked  for  lead  alone.  At  Allisonia,  Virginia, 
there  are  pillars  of  zinc  silicate  rising  in  beds  of  limonite, 
while  near  by  there  are  beds  of  carbonate  of  zinc  in  limestone 
pockets.  The  dolomite  from  which  these  ores  come  still 
carries  quantities  of  black-jack,  or  zinc  sulphide,  and  galena. 
Large  zinc-lead  deposits  occur  in  the  Appalachian  Mountains, 
but  up  to  the  present  time  there  has  been  no  process  dis- 
covered for  separating  lead  and  zinc  that  has  proved 
commercially  profitable.  Zinc  and  lead  do^  not  alloy,  and 
considerable  difficulty  is  experienced  in  their  separation 
when  reduced  to  a  metallic  form. 
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47.  Definition. — While  historical  geology  gives  the 
stages  in  the  formation  of  the  outer  portion  of  the  litho- 
sphere,  it  does  not  do  so  by  marked  lines,  as  has  been  sup- 
posed. There  are  instances  in  which  the  age  of  a  rock  can 
be  easily  determined,  but  there  are  others  where  it  cannot. 

In  tracing  and  locating  the  age  of  rocks,  the  geologist  is 
guided  to  some  extent  by  fossils,  or  the  remains  of  ancient 
life  that  are  found  in  the  rocks.  All  plant  life  has  a  begin- 
ning, a  time  of  full  blooming,  and  finally  a  gradual  fading 
away  and  ending.  Animal  life  does  not  differ  in  this 
respect,  and  nature  always  allows  some  species  to  begin, 
then  become  abundant,  and  finally  pass  away. 

As  a  usual  thing,  the  characteristic  fossil  of  any  age 
begins  in  a  preceding  age  to  that  in  which  it  is  found  most 
developed,  and  from  that  height  of  predominance  it  grad- 
ually decreases  until  it  becomes  extinct.  The  Aztec,  buffalo, 
auk,  wild  pigeon,  lobster,  and  Indian  are  modern  examples 
of  organic  life  that  are  giving  way  to  advancement  and 
stronger  organism. 

48.  Condition  of  Fossils  and  Their  Ifse. — Where  the 
fossil  consists  of  all  or  a  part  of  an  organism,  it  may  be 
presented  in  any  one  of  a  number  of  forms.  In  the  older 
rocks  the  material  of  the  bones  or  the  tissue  of  the  object  is 
rarely  ever  present,  the  fossil  consisting  of  a  cast  or  impres- 
sion of  the  object,  or  the  object  may  have  been  replaced, 
p)article  by  particle,  with  solid  matter  in  such  a  manner  as 
to  form  a  perfect  model  of  the  original.  This  latter  class 
of  fossils  are  said  to  have  been  petrified;  one  of  the  best 
examples  of  this  class  is  petrified  wood.     Fossils  are  useful 
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in  determining:  the  relative  age  of  the  rocks,  and  it  is  by 
this  means  that  the  rocks  of  different  countries  can  be  com- 
pared. When  life  first  appeared  on  the  earth,  it  was  of  the 
simplest  form,  and  the  organisms  on  the  different  continents 
differed  but  little;  but  in  each  succeeding  geological  period 
greater  differences  appeared  between  the  different  continents, 
until  the  conditions  existing  at  the  present  time  came  into 
being. 

49.  Fossils  in  Rocks. — Some  rocks  show  little  or  no 
traces  of  organic  life;  these  are  the  aqueo-igneous  and 
igneous  formations,  whose  heat  and  chemical  reactions 
would  naturally  destroy  the  original  appearance  of  organic 
life.  Volcanic  rocks  are  another  example.  Finally  there 
are  sedimentary  rocks  whose  chemical  composition  is  such 
that  organic  remains  would  be  obliterated.  There  are  some 
earlier  rocks  that  show  a  very  low  order  of  organism,  but 
fossil  life  is  most  distinctly  marked  in  rocks  that  are  sedi- 
mentary and  have  a  composition  that  has  not  undergone 
decided  changes. 

Stratified  rocks  are  composed  of  material  that  has  been 
deposited  in  water,  and  hence  such  deposits  would  naturally 
contain  any  shells,  bits  of  coral,  leaves,  logs,  or  other 
material  that  might  lodge  when  the  deposit  was  being 
formed,  or  that  might  be  washed  from  the  land  into  a  river 
or  lake.  Bodies  of  animals  from  the  land  have  been  washed 
into  the  water  and  their  bones  deposited  and  covered  with 
sediment,  together  with  the  bodies  of  fish  and  the  various 
living  forms  that  inhabited  the  water.  Animals  walking  over 
soft  ground  or  mud  left  tracks  that  became  covered  with 
sediment  and  are  now  found  in  rocks.  These  evidences  of 
the  previous  existence  of  living  organisms  are  the  fossils, 
or  means  by  which  geologists  assign  rock  formations  to 
different  ages. 

50.  Developmont  of  Tjife. — Animal  life,  especially 
the  higher  species  of  animals,  cannot  take  nutriment  or 
material  for  life  directly  from  minerals,  and  hence  vegetable 
life  was  naturally  the  first  to  appear,  probably  in  the  form  of 
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seaweeds*  These  simple  forms  were  soon  followed  by 
sponges,  shells,  coraU  etc*  Animal  life  could  not  have 
existed  on  the  continents  at  first,  for  several  reasons. 
(1)  The  animals  could  not  have  obtained  the  necessary 
food,  on  account  of  the  lack  of  vegetation  or  other  animal 
life  on  which  to  feed.  (2)  It  is  probable  that  the  atmos- 
phere of  that  period  was  so  heavily  charged  with  carbon 
dioxide  that  no  animal  breathing  through  lungs  could  have 
existed.  (3)  The  probabilities  are  that  the  rocks  and  the 
atmosphere  were  entirely  too  hot» 
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61,  , Definition, —For  the  purpose  of  reducing  geology 
to  a  science,  geologists  have  arranged  the  rocks  of  the  litho* 
sphere  into  ssctioas  corresponding  with  certain  chronological 
events  recorded  in  the  rocks  themselves.  In  the  geological 
section^  Fig.  38,  there  are  four  eras  recorded  in  the  first 
column.  These  eras  are  the  bases  for  the  chronological 
events  recorded  in  the  Ages,  Periods,  and  Epochs  columns 
of  the  chart.  With  the  one  exception  of  Archean,  the  eras 
are  periods  of  time  during  which  rocks  were  formed  and 
certain  kinds  of  organisms  existed.  The  eras  are  divided 
into  seven  ages,  according  to  characters  of  the  organisms  that 
made  their  appearance  and  show  evidence  of  their  abundance* 
The  eras  are  also  divided  into  periods,  during  which  certain 
rocks  were  formed  over  the  earth.  The  epochs  are  subdi- 
visions of  the  periods,  and  are  distinguished  from  one 
another  by  their  fossils  and  composition* 

52.  Arcliean  Era. — The  word  Archean  means  **from 
the  beginning'*:  consequently,  Archean  rocks  are  the  oldest 
rocks  and  are  the  foundation  on  which  all  other  rocks  rest, 
"Itnd  from  which  in  all  probability  they  were  derived*  This 
era  is  considered  the  earth's  prehistoric  age,  for  there  have 
been  no  distinct  organic  remains  discovered  in  these  rocks, 
although  some  observers  supposed  they  had  discovered  a  very 
indistinct  outline  of  organic  remains,  and  advanced  the  word 
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Eqzqu  to  cover  those  rocks  adjacent  to  the  Paleozoic.  The 
term  Emoic  was  advanced  by  Darwin,  but  Azoic ,  meaning 
"no  distinct  life,"  is  preferable,  and  is  adopted  by  the  United 
States  Geological  Survey, 

53 »     Paleozoic  Era-^The  Paleos&olc  era  is  the  second 

chronological  event  on  the  chart.  The  word  Paie&wk  means 
**  ancient  life,"  and  includes  three  ages  and  five  periods,  as 
shown  in  Fig.  38,  The  rocks  formed  in  this  era  first  con- 
tained a  low  order  of  organism,  such  as  seaweeds,  but  those 
developed  toward  the  end  of  the  era  contained  amphibians, 
which  could  live  on  land  or  under  water.  The  vegetation  at 
the  close  of  this  era  was  very  luxuriant  and  of  a  vastly 
higher  order  than  at  the  beginning, 

54,  Meeoacolc  Era,— The  third  chronological  era  is 
termed  the  Mesozolc,  by  which  is  meant  that  time  on 
the  earth  when  middle  life  only  existed.  This  era  repre- 
sents the  earth's  middle  age  and  the  age  of  reptiles. 
Extensive  eruptions  occurred  at  the  close  of  this  era^  and 
probably  those  mountains  which  have  been  forced  through 
the  Cretaceoua  system  of  rock  formations  were  formed  at 
this  time- 

55,  Cenozole  Era. — The  latest  chronological  era  is 
termed  the  Ceuossolc,  meaning  '* recent  life."  This  era 
practically  includes  the  earth's  modern  history,  embracing  as 
it  does  the  age  of  mammals  and  of  man* 

56*     Geologrleai    Beetlonal    Elevatloo.— Fig,   39   is   a 

geological  section  of  Colorado^  designed  by  Prof*  Arthur 
Lakes.  This  method  of  making  sectional  elevations  of  a 
state  or  district  will  be  found  exceedingly  useful  to  the  com* 
pilar  and  others  that  wish  to  obtain  general  information  or 
have  an  accurate  guide  to  certain  localities.  It  requires 
time  to  work  out  the  geology  of  a  section,  and  any  mining 
engineer  that  has  the  time  and  opportunity  to  prepare  and 
publish  such  a  chart  confers  a  boon  on  other  mining  men, 
besides  acquiring  information  that  will  be  of  the  greatest 
value  to  himself  in  the  prosecution  of  his  work» 
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this  chart  there  are  seven  ages,  five  eras  or  systems,  and 
twelve  periods.  In  further  explanation  of  the  chart,  it  is  well 
to  know  that  the  term  Laurentian  is  not  now  used  by  the 
United  States  geological  surveyors,  the  term  Azoic  being 
supposed  to  cover  the  Archean  era.  The  Algonkian  and 
Archean  rocks  are  found  in  many  other  localities  than  those 
mentioned  in  the  chart;  for  instance,  in  Eastern  Canada, 
New  England,  the  Adirondacks,  Southern  Appalachians,  the 
Cordilleras,  and  the  Little  Belt  area  of  Montana. 
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ARCHBAN  BRA 


AZOIC  ROCKS 

58.  Archean  Rocks. — The  word  Azoic  means  "'without 
organic  life*';  the  word  Archean  means  the  **oldest  period  of 
time."  The  rocks  of  this  system  are  sometimes  termed  the 
basement  complex,  by  which  is  meant  the  foundation  on  which 
other  rocks  rest.  The  Archean  period  is  supposed  to 
embrace  all  crystalline  rocks  underlying  the  clastic*  Algon- 
kian.  The  Archean  rocks  are  the  oldest  and  have  been 
termed  Laurentian  because  they  form  a  ridge  of  hills 
between  Canada  and  the  United  States,  which  are  separated 
by  the  St.  Lawrence  River  and  the  Great  Lakes. 

Geologists  are  in  a  state  of  uncertainty  concerning  the 
origin  of  the  rocks  of  this  period,  but  nearly  all  the  older 
schools  have  classed  them  as  igneous.  In  this  instance,  to 
carry  out  our  premises,  it  is  thought  to  be  as  well,  for  the 
sake  of  uniformity  and  because  it  cannot  be  rebutted,  to  say 
they  are  aqueo-igneous  in  origin.  In  order  to  be  conform- 
able, all  clastic  rocks  are  eliminated  from  the  series.  The 
rocks  of  the  series  are  therefore  granites,  gneisses,  and 
those  schists  that  have  crystalline  interlocking  texture  and 
a  schistose  structure  due  to  parallel  or  foliated  arrangement 
of  the  mineral  ingredients.  The  schists  of  the  series  con- 
tain biotite,muscovite,  chlorite,  and  hornblende  and  are  usually 
dark  colored.  Whether  originally  igneous  or  aqueo-igneous, 
these  rocks  were  subjected  to  the  movements  that  occurred 
in  later  times,  if  not  so  deeply  buried  as  to  be  beyond  the 
influence  of  the  outer  foldings,  in  which  case  they  were 
buried  beyond  the  crushing  strength  of  the  rock  or  were 
latently  plastic,  and  probably  at  a  high  temperature. 

*  Clastic  rocks  are  those  composed  of  fragments,  which  feature  dis- 
tinguishes them  from  crystalline  rocks. 
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69,  I^lmltatlous  of  the  Archeaii,— It  is  generally 
accepted  that  the  Archean  rocks  have  no  limit  downwards; 
that  this  system  is  the  oldest  system;  and  that,  wherever  it 
reaches  the  surface,  it  has  done  so  by  denudation  or  intru- 
sion*  As  denudation  progressed,  material  far  within  the 
lithosphere  approached  the  surface,  thus  perm  it  tin  gf  the 
aqtieo-ig^aeous  rocks  to  cool  gradually  and  crystallize. 

Whenever  there  are  tinconformable  clastic  rocks  above 
these  crystalline  rocks »  it  is  U5Ua!  to  assign  the  latter  to  the 
Archean  series,  and  this  can  be  done  with  satisfaction  only 
when  they  are  limited  to  the  crystalline  varieties  stated. 
The  graduations  from  granite  to  gneiss  and  from  gneiss  to 
schist  are  so  very  gradual  that  at  times  it  is  almost  impercep* 
tible,  but  still,  when  the  rocks  do  not  differ  in  composition, 
and  do  not  show  evidence  of  bein^  formed  from  shale  or  gnt, 
but  keep  the  same  general  composition  of  the  original  basal 
granite  rocks,  they  are  to  be  classed  as  Archean.  In  the 
Appalachian  mountain  region,  magnetic-iron  ore  is  found 
in  the  Archean  as  segregated  magma  of  probably  aqueo- 
igneous  origin.  

fbe-cambhia:m  rocks 

60,  Ali^onklan.^It  has  been  customary  hitherto  to 
refer  to  the  Archean  all  crystalline  rocks  and  many  semi- 
crystalline  rocks  whose  age  has  not  been  determined* 
Under  this  practice  large  areas  in  the  Appalachians  have 
been  classed  as  Archean  that  have  be'en  found  on  examina- 
tion to  be  clastic  and  to  belong  in  other  periods  ranging 
from  the  Archean  proper  up  to  the  Cambrian  period.  It 
was  this  necessity  for  naming  a  group  of  rocks  that  were 
sedimentary  but  metamorphosed  that  led  to  the  adoption  of 
the  term  Algonkian  by  the  United  States  Geological  Survey* 
There  are  at  times  signs  of  organism  in  these  rocks,  while 
there  are  none  in  the  Archean;  yet  the  signs  are  not  so 
distinguishable  as  in  the  Cambrian,  where  trilobites  are 
abundant.  At  other  times,  they  are  absolutely  barren  of 
distinguishing  marks  other  than  the  natural  formation  based 
on  chemical  and  physical  features.     These  rocks  have  been 
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classed  as  Algonkian,  but  where  no  absolutely  distinguishing _ 

marks  are  found  they  are  termed  pre-Carobrian* 

61,     Limitations  of  the  Algonkian,— The  Algonkian 

has  been  defined  as  including  all  recognizable  pre-Cambrian 
clastic  rocks*  Its  lower  plane  is  the  lowest  of  recognizable 
clastic  rocks^  while  its  upper  plane  is  limited  by  the  Oltnd- 
ius  fauna,  which  includes  all  systems  of  the  animal  kingdom 
except  varied  rales,  or  animals  having  a  backbone^  In  the 
application  of  the  term  Algonkian  to  rocks  in  the  field,  it 
should  be  used  only  when  the  geologist  is  perfectly  satisfied 
that  the  series  are  pre-Cambrian  and  post-Archean,  Rocks 
in  a  crystalline  or  semicrystalline  condition  that  chance  to 
be  devoid  of  fossils  should  not  be  called  Algonkian  witho^ 
strong  evidence  of  pre-Cambrian  age, 

62-     Classification  of  Hock  Series. — A  good  plan 

follow  in  the  classification  of  rocks  of  any  series,  when  they* 
are  of  imcertain  age  and  below  a  determined  fossiliferous 
series,  is  to  state  that  they  are  older  than  the  known  series; 
for  instance,  the  rocks  below  the  Carboniferous  belong  to 
some  other  period  and  may  be  termed  the  pre-Carboniferou^ 
until  they  can  be  definitely  classified*     In  some  regions,  thi^| 
pre-Cambrian  rocks  are  predominantly  fine-grained  crystal- 
line   schists,    gneisses,    and    gneissoid    granites;    in    oihei;^ 
regions,   they   may   be   limestones,  slates,   and   quartsite|^| 
Consequently,  unless  a  structural  break  or  some  tmcnnfor- 
mity  occurs  between  the  Archean   and   the   Algonkian,  the 
latter  term  should  be  applied  to  rocks  that  certainly  belong 
to   this   period,    while    the   term   pre-Cambnan    should    be 
applied  to  rocks  that  are  granitic,  gneissic,  and  schislose^^ 
but  that  may  also  prove  to  be  Archean,  ^M 

63.     Succession  In  Algonklao-^Rock  Serlos* — In   the 

Algonkian-rock  series,  gneisses  are  in  some  localities  the 
predominant  rocks,  but  they  present  a  varied  mineral  com- 
position, are  strongly  foliated,  and  often  occur  as  well- 
defined  layers  like  strata  of  sedimentary  rocks,  thus  vary- 
ing somewhat  from  Archean  gneisses.  Analyses  of  these 
gneisses  by  Adams  show  that  they  have  the  composition  of 
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shales  and  slates  rather  than  that  of  the  Arcbean  granites 
and  gneissesi  as  they  contain  less  alkali  than  the  latter. 
Interstratihed  with  the  acid  gneisses  are  hornblende  gneisses 
and  schists,  beds  of  quartz  schistSt  and  thick  beds  of  crystal* 
line  limestone.  The  limestones  and  sometimes  the  gneisses 
are  graphitic,  and  in  certain  localities  in  New  York  and  New 
Jersey  are  so  rich  in  magnetite  as  to  furnish  iron  ores* 
Algonkian  rocks  are  divided  into  Lower  Huronian,  Upper 
Huronian,  and  Keweenawan  series;  and,  where  best  studiedt 
consist  of  ordinary  cryslRlline  qiiartzites,  slates,  limestones, 
and  iron  formations  with  subordinate  aniounts  of  aqueo- 
igneous  materiaL  The  Algonkian  rocks  contain  most  of  the 
great  iron  deposits  of  the  Lake  Superior  region,  although 
some  iron-ore  deposits  are  said  to  exist  in  the  Archean. 

64-  The  Lower  Htironlau  series  consist  mainly  of 
sedimentary  rocks,  but  in.  certain  districts  they  include  vol- 
canic  rocks.  The  series  are  cut  by  intrusive  rocks  in  the 
Lake  Superior  region,  where  they  have  been  most  studied. 
The  series  are  called  Huronian  because  they  cover  a  consid* 
erable  area  north  of  Lake  Huron. 

The  Lower  Huronian  series  rest  on  the  Archean  and 
consist  from  below  up  of  (1)  conglomerate  or  quartzite, 
(2)  dolomite,  (3)  slate  conglomerate,  (4)  Negauriee,  or 
chief  iron-bearing  formation,  (5)  slate-graywacke  conglom- 
erate, and  (B)  cherty  limestone.  The  thickness  of  these  beds 
will  vary  in  localities,  and  sometimes  one  or  more  beds  will 
be  wanting. 

65.  The  irpper  Hui-on!aii  series,  as  the  name  sug- 
gests, rest  on  the  Lower  Huronian,  and  seem  to  have  been 
less  closely  folded  and  are  less  crysla!Hne  in  structure  than 
the  former  series;  unless,  however,  some  unconformity  exists, 
the  two  series  are  difhcult  to  separate.  There  seems  to  be 
three  general  formations:  a  quartz  slate  being  the  lowest 
member,  an  iron-bearing  formation  next,  and  lastly  an  upper 
slate.  These  formations  are  not  uniform,  but  are  locally 
sutKJivided  and  may  contain  cherty  iron  carbonates,  ferru- 
ginous slates,  ferruginous  cherts,  jaspiUteSj  ore  and  jasper 
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conglomerates  J  and  ore  bodies.  The  rocks  are  plain]  j  sedi- 
mentary, although  great  bosses  of  intrusive  granite  and 
diorite  sometimes  abound*  The  total  thickness  of  ihe  rocks 
is  given  as  12,920  feet  by  Logan,  but  will  vary  according  to 
locality.  The  Penokee,  Gogebic,  Mesabi,  and  Vermilion 
iroo  ores  are  probably  in  the  Upper  Huronian  series> 

66.     The    Keweenawan    Series. — The    name    of    the 
Keweeuawan    series   is   derived  from   Keweenaw  Point, 

which  juts  out  into  Lake  Superior  from  the  northeastern 
extremity  of  Michigan.  These  rocks  cover  nearly  the  entire 
area  of  Lake  Superior,  and  are  of  aqneo-igneous  and  sedi- 
mentary origin.  They  are  composed  of  gabbros,*  diabases^ 
porphy rites  amygdaloid s,  felsites,  quartz  porphyries,  sand- 
stones, and  conglomerates*  Many  of  the  rocks  of  this  series 
are  surface  flows,  and  their  total  thickness  varies  widely. 
From  the  base  up,  the  Keweenaw  series  are  separated  into 
three  great  divisions,  as  follows:  (1)  Basal  gabbro,  which 
covers  a  wide  area,  and  has  everywhere  a  typical  granitic 
structure.  It  includes  magnetic  gabbro^  olivine  gabbro, 
normal  gabbro,  and  masses  of  basic  feldspar.  Much  of  the 
gabbro  has  a  laminated  arrangement  of  its  mineral  particles, 
and  corresponding  with  this  arrangement  has  a  bedded 
appearance.  (2)  Tnter stratified  lavas  and  clastic  rocks,  the 
material  of  which  seems  to  have  been  derived  from  lava 
flows.  In  the  lower  portion  of  this  series,  the  rocks  are  all 
volcanic,  but  passing  upwards  the  sandstones  and  conglom- 
erates become  more  numerous  and  of  greater  thickness. 
(3)  The  third  division  is  composed  wholly  of  sandstone  and 
conglomerates,  derived  very  largely  from  the  erosion  of 
lower  divisions. 

The  Keweenawan  is  the  thickest  of  the  series  about  Lai 
Superior  and  varies  in  thickness  from  50,000  feet  to 
nothing.  The  native-copper  deposits  of  Lake  Superior 
occur  in  this  series  of  rocks,  as  replacements  in  boih 
igneous  and  sedimentary  rocks. 


ind 
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*A  granitoid  mixture  contiimiEig  labradodte  and  a  pyroxeae. 
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PALEOZOIC  ERA 


■ 

I  CAMBRIAN   PERIOD 

67*     CRmbrlan    Fossils, — The    Paleozoic   era  and    the 

Cambrian  period  commenced  when  trllo bites  first  appeared, 

||      Three  distinct  kinds    of    trilobites    made  their    appearance 

during  the  Cambrian  period;  and»  on  account  of  the  separated 


F  Fio.  lU  Fig*  41  F(C.  12 

[      zones  in  which  they  occur,  the  rocks  have  been  divided  into 
I      three  groups. 

1         68»     Georgrlan  Rocks. — The  Georifian  ^roitp  or  series 

of  rocks  is  t^omposed  of  the  red  sandstones, 
shales,  and  limestones  of  the  town  of  Georgia 
in  Vermont;  also  of  the  shales  and  quartzites  of 
the  Appalachian  type.  Georgian  rocks  are 
in  the  Olenellus  zone;  that  is,  they  contain 
only  the  trilobite  of  the  species  shown  in 
Fig-  40,  by  which  means  they  may  be  distin- 
guished. The  rocks  rest  on  the  Upper  Huronian 
quartzites  and  conglomerates.  Usually  they  are 
more  or  less  metamorphosed,  especially  the 
marbles,  which  in  some  instances  are  colored  so  as  to  present 
the  appearance  of  onyx.     These  are  called  Tmanic  marbles. 
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The  word  Taconican  is  sometimes  used  to  designate  rocks 

adjacent  to  these  marbles,  allliotigh  the  Taconic-rock  period 
comes  later. 

69.  Acadian  Rocks. — The  trilobite  shown  in  Fig.  41, 
makes  its  appearance  in  the  Acadian  rocks,  and  ts  termed 
paradoxides.     It  is  a  more  elaborate  crustacean  than  the 


other  trilobites  mentioned,  but  belongs  to  the  same  famUf. 
The  rocks  are  named  from  their  ontcropptngs  in  Newfound- 
land»  New  Brunswick,  and  Nova  Scotia,  and  consist  of  lime- 
stones, sandstones,  and  shales.  The  limestones  of  New  York, 
Tennessee,  Alabama,  and  British  Columbia  belonging  to  this 
system  sometimes  furnish  excellent  marble.  The  slates  \ 
outcrop  at  Braintree,  Massachusetts,  are  in  this  system« 
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70,  Fotsdain  Epoch.— The  dikeliocephalus,  or  trilobite, 
illustrated  itx  Fig.  42,  is  characteristic  of  the  Potsdam  rocks. 
The  paradoxides  seem  to  have  become  extinct  in  this  epoch, 
although  a  hundred  different  species  are  said  to  have  been 
observed  in  the  Acadian  rocks.  The  lowest  members  of 
the  Potsdam  epoch  are  sandstones,  limestones,  and  shales. 
Above  these  are  the  St,  Croix  and  the  lower  part  of  the  Knox 
dolomite.  Next  above  these  is  the  sandstone  of  Potsdam, 
New  York,  frora  which  the  epoch  receives  its  name.  The 
lower  Oneota  limestones  of  the  Upper  Mississippi  Valley 
are  classed  in  this  epoch, 

71.  Cambrian  Fossils. — In  the  lowest  Cambrian  rocks 

the  few  fossils  that  are  found  are  indistinct  remains  of  sea- 
weeds, and  are  fragile  and  easily 
obliterated  on  exposure*  There  have  also 
been  found  a  few  sponges,  graptolites, 
and  corals,  and  some  very  small 
pteropods,  or  foot -winged  mollusks. 

The  braehiopods  or  mollusks  show^n 
in  Figf.  43  abound  in  some  places  in  the 
Potsdam  epoch.  They  are  quite  small, 
being  less  in  size  than  a  man*s  finger 
nail.  Articulates,  tracks,  and  ripple 
marks  are  found  in  the  rocks  ot  this 
epoch.  Fig,  44  shows  ripple  marks  and 
tracks  probably  made  by  trilobites. 
Worms  have  also  left  tracks  in  the  rocks,  and  as  an  addi- 
tional reminder  of  their  existence  have  left  worm  holes 
in  the  rocks,  as  shown  in  Fig.  45. 
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SILURIAN  PERIOD 
72*  The  w^ord  Silurian  is  derived  from  the  name  of  an 
early  British  tribe  that  inhabited  a  certain  portion  of  Great 
Britain  where  Silurian  rocks  predominated.  The  rocks  of 
this  system  are  divided  into  two  groups,  Upper  and  Lower 
Silurian.  Miirchinson,  who  spent  many  years  in  making  his 
researches  among  the  rocks  of  the  Lower  Silurian,  termed 
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them  Ordovician,  because  a  British  tribe  called  Ord&vices  was" 
said  to  have  once  inhabited  the  place  where  he  made  his 
observations.  The  Ordovician  group  of  rocks  is  divided 
into  two  periods,  called  the  Trenton  and  the  Canadian,  The 
latter  is  the  older,  and  hence  contains  fewer  fossils  than  the 
former*  The  Lower  Silurian  rocks  and  probably  roost  of  the 
Upper  Silurian  belong  to  the  period  in  which  no  vertebrates 
are  known  to  have  existed,  although  in  the  Devonian  rocks 
of  the  Upper  Silurian  fishes  make  their  appearance.  The 
Silurian  system  is  characterized  mainly  by  the  corals  tbatj 
were  developed. 


LOWER  SILURIAK  SYSTEM 

73.  CftnadlaEi  Epoch. — The  oldest  group  of  re 
belonging  to  the  Lower  Silurian  system  is  subdivided  i 
two  stages  termed  the  calci/eroits  and  the  ckazy.  The  rocks" 
of  these  epochs  are  not  confined  to  any  one  locality,  but  arc 
found  in  Canada,  New  England,  New  York,  Missouri,  Minne- 
sota, and  some  of  the  Southern  States,  Two  isolated  areas 
of  clayey  limestones  are  exposed;  namely,  one  over  Southem 
Ohio,  part  of  Kentucky,  and  the  border  of  Indiana,  and  thn 
other  in  Tennessee.  This  region  has  been  termed  from 
these  rocks  the  CiuclnuatI  Uplift* 

The  Taconic  range  on  the  western  borders  of  New  Eng- 
land and  the  eastern  border  of  New  York,  with  its  errs  " 
talline  schists  and  limestones,  is  considered  as  belonging  \ 
this  period. 

74,  Calelfemiis    Stagre.— The   calclferouB   fortnatiC 

embraces  mainly  a  mixture  of  lime  and  silica  formed  into' 
rock— hence,  the  first  rocks  above  Ihe  Potsdam  sandstone 
more  silicious  than  the  others.     The  rocks  above  those  jug 
mentioned  are  variable  mixtures  of  silica  and    magnesia 
limestone,  which  when  fractured  show  a  good  grain.     Tli 
rock  is  in  layers  with  the  other  rocks^  and  is  sotDelimes 
called    caU areola   sandshme.     Above    this    latter    rock    is   a 
granular  magnesian  limestone  that  sometimes  receives  the 
name  of  Mrd'e-eye  marble.     The  color  is  yellowish  and 
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sometimes  grajrish.  The  rocks  weather  rough  and  leave  hard 
silicious  particles  exposed.  Cavities  are  sometimes  formed 
in  these  rocks  in  which  remarkable  quartz  crystals  are  found, 
especially  in  the  Mohawk  Valley,  New  York* 

The  oldest  beds  are  in  Canada  and  are  known  as  the 
JjerlB*  The  ma^fnesium  limestone  of  this  formation  in  the 
Upper  Mississippi  Valley  is  given  the  name  of  Oneota 
Itniestone.  The  magnesian  limestone  of  Tennessee  belong- 
ing to  this  formation  is  termed  Knox  tlolotnlte;  this  rock 
is  also  exposed  on  New  River  in  Pulaski  County ^  Virginia. 
The  rocks  are  not  very  fossiliferous. 


75*  Cliazy  Stone. — The  Chazy  beds  next  above  the 
calciferous  are  mostly  limestones*  The  name  is  deri\^ed 
from  the  town  of  Cha^y  in  Clinton  County,  New  York,  where 
the  formation  is  730  feet  thick.  The  limestone  is  gray  to 
black,  and  contains  many  rough,  irregular*  flinty  masses* 
The  limestone  is  purer  than  that  of  the  calciferous^  and  is 
free  from  the  brown  earthy  spots  and  brown  calcareous  spar 
common  in  the  calciferous  sand  rock.  It  is  often  recogni- 
zable by  a  large  fossil  shell  3  inches 
or  more  across,  as  shown  in  Fig.  46. 
The  St.  Peter'u  sandstoue  of  the 

y  northern  part  of  the  Mississippi 
Valley  is  referred  to  the  Chazy 
epoch,  but  it  contains  few  fossils  of 
any  kind  and  hence  its  position  is 
doubtful*  St.  Peter's  sandstone 
is  seen  near  St.  Paul,  Minnesota; 
on  the  streams  in  Northeast  Iowa; 
and  at  La  Salle,  Illinois.  It  is  remarkable  for  its  uniform 
thickness  of  about  100  feet  over  a  space  400  miks  in  width 
and  500  miles  ih  length.  The  sandstone  is  nstially  white, 
but  at  times  assumes  a  buff  color.  When  not  colored,  it  is 
used  as  a  glass  sand.     The  character  of  St.  Peter's  sandstone 

f  is  similar  throughout  its  entire  extent,  and  as  it  contains  but 
a  mere  trace  of  cement  its  fine  grains  can  be  moved  with 

pick  and  shovel. 
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TRENTON    EPOCH 

76.  Trenton  Lfniestone* — Next  in  order  above  the 
Chazy  beds  is  the  Trenton  limestone,  a  name  derived 
from  Trenton  Falls,  north  of  Utica,  New  York.     The  rock 

is    blackish   to  dark  gray»   owing    its  color    to    bituminous 
matter.     The    lower    portion  of  the  Trenton    formation 
termed  the  Blnck   HIver   limestone.     A  stratum  30  fee 
thick  at  the  bottom  of  this  limestone  in  Central  New  York 
is  called  blnl's-eye  limestone.     It  ts  a  gray  dove-color 
rock,  speckled  with  white  crystalline  points  that  are  in  par 
due  to  fossil  coral  and  its  change  injo  calcite,     Kentucky 
Cha^y  limestone  contains  bird's  eyes  as  well  as 
the  calciferous   mentioned*     Trenton   limestone 
carries  lead  and  zinc-lead  ores,  and  is  at  times 
bluish   gray,  particularly  in  Wisconsin,  Illinois, 
and  Iowa,     This  rock  is  well  developed  at  Glens 
Falls,   New  York,  and  at 
Blacksburghand  Fincastle, 
Virginia,  in   each  locality 
appearing  as  black  marble. 
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The  petroleum  found  in  Western  Ohio  and  Eastern  Indian 
comes  from  these  rocks.  The  fossils  characteristic  of 
Trenton  epoch  are,  besides  sponges,  the  coral  shown 
Fig,  47;  the  pteropod  termed  the  Connlaria  Trent^n^uii, 
Fig.  48;  the  straight-chambered  cephalopod,  Fig,  49,  a  section 
of  which  is  shown  in  Fig,  50,  The  trilobite,  Fig.  51,  of  ihis 
period  grew  to  10  inches  in  length.  Another  species  is  shoii^^ 
in  Fig*  52,  and  in  Fig.  53,  the  same  species  rolled  up. 
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Hudson  Btver  series.  Maquoketa  shale,  Nashville  shale. 
Lorraine  shale^  Pulaski  shale,  and  other  local  names  are 
given  _  to  Utica  shale*  It  varies  in  thickness  from  15  to 
1,000  feet.  At  Glens  Falls*  New  York,  the  shale  is  15  feet 
thick  and  shows  g^raptolites  in  each  cleavage  plane.  North 
of  Cincinnati.  Ohio,  the  shales  become  1,000  feet  thick. 
When  broken  down  and  weathered^  the  shales  have  an  ash- 
clay  color.  Good  roofing  slate  is  found  in  this  formation  at 
Slatington»  Pennsylvania*  No  corals  appear  in  the  Utica 
shale,  although  a  chain  coral  is  found  in  the  Hudson  River 
series,  of  which  the  Utica  slate  is  a  member.  The  crinoid 
shown  in  Fig.  55  is  found  in  the  Utica  slate;  and  a  starfish 
is  found  ia  the  blue  limestone  of  the  Cincinnati  epoch 
of  the  Lower  Silurian  period* 


UPPER  SltiURIAN  PERIOD 

78.  The  rocks  of  the  Niagara,  Onondaga,  and  HeMer 
berg  epochs  are  not  found  in  any  great  quantities  west  of 
the  Mississippi,  with  the  exception  of  Missouri.  The  Upper 
Silurian  rocks  of  the  Eastern  States  do  not  border  directly 
on  the  coast,  but  are  inland,  along  the  Appalachian  moun- 
tain range.  '' 


HIAOAHA    EPOCH 

79,     Oneida  Cou|fLomerate^ — The  Klajpira  epoeli  iS 

divided  into  three  stages,  the  lowest  being  the  Medina,  whose 
lowest  member,  the  Oneida  congrlofnerate,  is  named  after 
the  town  of  Oneida  in  Central  New  York.  It  is  a  hard  gray 
rock  composed  of  quartz  pebbles  and  sand.  This  rock 
shades  into  the  Medina  sandstone  above  it,  and  is  disti 
gnishable  probably  only  by  its  color.  The  Clinch  sandstone 
of  Tennessee  is  classed  as  Oneida. 


I 
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80,     Medina  Sandstone, — Above  the  Oneida  congloni- 

eratCt  an  almost  invariably  red-colored  sandstone,  known  ai 
the  Medina  sandstone,  is  found.  The  color  varies  from 
light  red,  brown  red,  and  yellowish  to  greenish.  It  is  both 
fine-grained  and  coarse,  and  between  layers  of  sandstone 
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variegated  shales  are  interposed,  especially  ia  New  Jersey, 
The  lower  beds  are  usually  dark  red  and  very  hard,  while 
the  upper  beds  are  brownish  red  and  more  argillaceous, 
and  also  sometimes  calcareous. 
Neither  the  Oneida  nor  the 
Medina  sandstones  are  found 
west  of  Ohio,  unless  they  have 
been  recently  found  in  Missouri 
io  what  is  known  as  the  Oznrk 
iipim*  A  distinctive  fossil  of 
the  Medina  sandstone  is  shown 
in  Fig*  56.  This  fossil  is  termed 
/*'uccides  Harlant,  and  is  sup- 
posed by  some  to  be  the  tracks 
of  sea  worms;  by  others  it  is  con- 
sidered to  be  the  cast  of  a  seaweed*  These  impressions^  how- 
ever, are  seldom  found  elsewhere  than  in  Medina  sandstone, 

81.  Clinton  Btag^. — The  Clinton  g^roup  of  rocks  is 
named  from  the  town  of  Clinton,  in  Oneida  County,  New 
York,  where  they  were  first   noticed  and  classified.     The 
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Clinton  epoch  comprises  various  kinds  of  rocks,  such  as 
green  and  black-blue  shales;  greentsh-g-ray  and  red  shales, 
or  soft  marly  layers;  calcareous  sandstone,  often  laminated: 
encrinal  sandstone;  and  red  fossiliferous  iron-ore  beds*  On 
the  Niagara  River,  the  rocks  are  about  one-half  limestone, 
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and  further  west  in  Ohio  are  wholly  Utnestone.  The  E^oup 
contaiDs  an  abundance  of  marine  shells,  particularly  the 
brachiopods  shown  in  Fig.  57. 

A  section  of   the  Clinton  group  on  the  Genesee  Rive 
gives »  green  shale,  24  feet  thick,  the  upper  part  of  which  is 
iron  ore;  limestone,  14  feet  thick,  called  Peniafmrens  lime- 
skmc,  from  a  characteristic  fossil  shown  in  Fig,  b%  {a)  and  [b)i 
green  shale,  24   feet  thick;   and   limestone,  ISi  feet  thick«J 
These  sections  vary  in  thickness  in  dififerent  localities;  in' 
Virginia,  they  are    860  feet  thick;    in  Tennessee,   250  feet 

thick;    in    Pennsylvania,    they 
reach  a  thickness  of  1,000  feel^ 
and  more.  ^| 

The  Clinton  iron  ore  is 
fossiliferous*  sometimes  it  is 
oolitic,  and  sometimes,  as  in 
Northern  New  York  and 
Alabama,  it  seems  to  be 
formed  in  the  limestone  by 
replacement.  It  is  about  the 
only  stratified  iron-ore  bed  in 
the  United  States— at  least  the  only  stratified  hematite — 
and  is  the  chief  source  of  iron  ore  in  Alabama,  In  Eastern 
Tennessee,  the  ore  is  called  dyesione;  in  some  other  local- 
ities, it  is  called  rock  wmd. 
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82-  Nlai^ara  eta^e. — The  group  included  in  the  Nl 
Kara  epoch  consists  mostly  of  shale  and  limestone,  ani 
is  the  topmost  of  the  Niagara  period.  The  shale  is  usually 
below,  with  the  limestone  above.  The  name  is  derived 
from  the  Niagara  River.  At  Niagara  Falls  this  lime- 
stone is  164  feet  thick,  with  80  feet  of  shale  beneath.  The 
Niagara  limestone  occupies  the  peninsula  in  Wisconsin 
between  Green  Bay  and  Lake  Michigan,  and  extends  south- 
wards into  Illinois  and  Indiana.  The  rock  covers  wide 
areas  and  has  received  local  names;  in  general  appearance 
it  is  a  massive  gray  dolomitic  limestone*  At  Guelph, 
Ontario,    it  is   termed    Guelph   limest<me;    in   Wisconsin, 
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is  divided  from  the  top  downwards  into  Gtielpk,  Racine, 
Wauktska^  and  Mayvilk  beds*  In  Iowa,  the  rock  has  a  wide 
distribution,  and  is  termed  Leciaire  limeshne.  In  Tennessee, 
it  is  termed  Meniscus  limesi^m,  on  account  of  its  fossil  sponges 
in  that  locality  being  crescent-shaped*  In  Fig.  59  ia),  [b), 
and  U)  are  shown  fossil  sponges  and  corals^  the  later  being 
so  numerous  in  some  localities  as  to  give  the  term  Coralline 
iimeslane  to  the  rock*     The  Niagara  rocks  have  been  identified 
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in  the  Black  Hills  of  Dakota  and  also  in  Alaska  by  the  chain 
corals,  which  are  shown  in  Fig.  59  (r).  In  the  lower  part  of 
ia)  is  given  a  diagrammatic  section  showing  the  cellular 
strtictare  of  the  sponge  above  it. 
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ONONDAGA    EPOCH 

83-  8allna  Btasre, — The  Ballna  is  an  important  group 
of  rocks  in  New  York,  as  it  contains  the  salt  beds.  It. 
receives  its  name  from  the  Onondaga  Indians,  whose  reser- 
vation covers  a  large  part  of  the  salt  area.  The  rocks 
are   gypsum,  salt^  red   shale,  water  lime,  and  Tentaculite 
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limestone.  The  lowest  of  the  ^roup  is  a  blood-red  shale, 
with  g'reen  spots.  This  shale  has  no  regular  fracture  or 
division  lines,  and  breaks  up  into  irregular  fragments.  No 
fossils  are  found  in  this  shale,  which  is  fine-grained  and 
free  from  pebbles. 

The  deposit  above  the  Salina  is  composed  of  gypseous 
shales,  calcareous  slates  of  a  light  green  and  drab  color, 
with  a  little  whitish  and  greenish  sandstone.     The  colors 
these  rocks  change  in  different  places ^  and  the  reddish 
salmon-colored  fibrous  gypsum  deposits  are  not  extensiv 

The  third  member  of  the  Salina  group  is  the  gypsum 
deposit,  often  containing  cavities,  for  which  reason  it  has 
been  termed  V^trmkuiar  ihm  roek.  These  rocks  are  porous 
and  contain  no  water,  and  the  hopper-shaped  cavities  are 
supposed  to  have  been  formed  by  salt  that  subsequent  to  its 
formation  has  been  leached  out  by  water.  Animals  cannot 
live  in  water  saturated  with  gypsum;  henoe,  iio  animal 
remains  are  found  in  this  formation*  Numerous  sulphur 
springs  occur  in  this  group* 

The  fourth  division  of  the  Salina  group  contains  a  d: 
gray  or  drab-colored  impure  magnesian  limestone,  w 
cavities  containing  crystals.  This  rock  breaks  with  an 
earthy  fracture*  The  salt  beds  occur  in  this  group,  and 
extend  from  Pennsylvania  into  Canada,  ranging  from 
12  feet  to  250  feet  in  thickness.  The  salt  beds  alternate 
with  shales,  and  occur  at  great  depths.  At  Syracuse,  New 
York,  the  thickness  of  the  Onondaga  rocks  is  stated  to 
600  feet;  at  Ithaca,  New  York,  1.230  feet;  and  at  Goderid 
Canada,  1,400  feet,  The  number  of  salt  beds  also  variei 
At  Leroy,  New  York,  there  is  one  bed  40  feet  thick; 
Ithaca  there  are  several  beds  having  a  thickness  altogether 
of  260  feet;  and  at  Goderich  there  are  six  beds  from  6  to 
35  feet  in  thickness*  The  strata  are  non-fossil  if  erous  and 
abound  in  mud  cracks,  as  if  they  were  once  mud  fiats  or 
salt  marshes*  The  rock  salt  varies  in  color  from  white  to 
dark  bluish.  It  is  not  to  be  understood  that  Salina  rocks 
contain  all  the  salt  or  gypsum  deposits,  for  they  are 
frequently  found  in  odier  formations. 
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84,  Water-Lime  Rock*  — Water-lime  rock  is  a 
Datuial  cement  rock,  and  is  an  earthy,  dral>colored.  impure, 
magnesian  limestone.  It  is  the  rock  termed  hydraulic 
limestone,  from  which  Rosendale  cement  is  made,  near 
Rondout,  New  York-  The  formation  is  in  layers,  the  drab- 
colored  limestones  being:  separated  by  a 
niass  of  blue.  This  rock  extends  over 
a  wide  area,  and  crops  out  in  several 
distinct  localities.  It  weathers  to  a  gray 
ash  color.  While  tfilobites  are  found  in 
this  period,  a  species  of  crustacean  called 
Murypitnts^  Fig,  60,  makes  its  appearance. 

85,  Tentacullte  limes  to  tie,  so 
called  from  its  characteristic  fossil,  which 
is  shown  in  Fig.  61,  is  sometimes  classed 
as  a  member  of  the  Lower  Helderberg 
g^roup,  which  is  geologically  classed  by 
some  as  next  above  the  water-lime  rock  of  the  Onondaga 
period,  and  by  others  is  classed  in  the  Onondaga  group* 
This  Ihnestone  is  solid,  free  from  cracks^  and  hence  makes 
a  fine  building  stone  that  can  be  procured  in  blocks  of  large 
size.  The  color  varies  from  ash  gray  to  black,  its  color  and 
texture  contrasting  with  the  water-lime  rock  below.     The 

■  ^  strata    are    usually    inter- 

^^^^^b  ^^^^^^m  sected  by  two  systems  of 

^^^^^K  l^gigte^  joints  nearly  perpendicular 

^^^^^P  ^^^^^/  to  each  other. 

W   Siluriat 
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86t  The  third  and  upper 
subdivision  of  the  Upper 
Silurian  period  is  termed  the  I^ower  Helderber^,  because 
the  rocks  of  this  division  are  well  developed  in  the  Helderberg 
Mountains,  near  Albany,  New  York.  The  epoch  is  divided 
by  Dana  into  three  stages,  but  four  stages  are  given  here, 
ID  order  to  place  the  Oriskany  sandstone  proper  at  the  base 
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of  the  Devonian   system.     The    Lower   Helderberg   rocks 
have  their  greatest  thickness  east  of  Central  New  York. 

87,  liOTver  PentBiiierouB   Limestone. — The  Jjower' 
FentanierouB  limestone  is  rarely  pure,   being  more  or 

less   mixed   with    black  shale,    which 

gives  it  a  dark  color.     It  is  crystalline 

and  compact,  and  is  found  mostly  in 

layers  about  50  feet  thick.     The  stonej 

has  a  rough  appearance,  and  its  joiat' 

lines  are  uneven  and  irregular;  hence, ' 

it   does  not   make  a  good   building 

FtG.  ea  stone.     The    fossil   brachiopod    from 

which  it  receives  its  name  is  shown  in  Fig.  62. 

88,  The  Catsklll,    or   I>elthyr!s   shaly    nmestone,| 

which  lies  next  above  the 
Lower  Pentamerous,  consists, 
as  its  name  implies,  of  shale 
and  impure  thtn^bedded  lime- 
stone. It  is  interesting  from 
the  numl>er  of  species  and 
abundance  of  its  fossils.  In 
Fig.    63   is    shown    a   species  Fic.  ea 

of  brachiopod  that  is  common  in  the  shaly  limestone. 

89,  Enerlnal  limestone  is  a  compact  crinoidal  lime- 
stone, called  also  by 
Vanuxem,  StniteUa  lime* 
stone.  It  is  classed  in  the 
New  York  State  Report' 
w^ith  the  shaly  HmesEone, 
both  together  having 
thickness  of  65  feet.  It  h 
confined  to  the  eastern  par 
of  the  state. 

The  enclilnoaeFins 
Fi«  f-^  conveniently    divided    inH 

three    orders;    namely,  (1)    the  Echin^idSi  or   sea  urchins^ 
(2)   the  Asteroids,    or   starfishes;  and  (3)  the   CHmids,  or" 
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stemraed    Enchinoderm,    which    13    attached    to    the    rocks 
when  youDg  but  is  free  when  mature. 

The  Crlnolds  are  divided  into  three 
families,  as  fallows;  (1)  Omnfst  Fig*  64, 
which  have  branching  arms;  (2)  Cysiids^ 
which  are  bladder-like  in  shape,  as  shown 
in  Fig.  ^h.  These  pass  away  with  the 
close  of  the  Silurian  era,  and  are  there- 
fore  characteristic;  (3)  Blastoids^  which 
have  a  bnd-shaped  body,  with  five  petalloid 
spaces  radiating  from  the  top  and  reaching 
halfway  around  the  body,  as  shG\4'Ti  in 
Fig,  66*  The  Bias  to  ids  pass  away  before 
ihe  end  of  the  Carboniferous  era,  and  are 
especially  characteristic  of  the  Devonian 
and  Carboniferous  rock  systems,  fig  wi 

90.     The  Upper  Pentameroiiti  is,  according  to  Rogers, 
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^Wom  50  to  100  feet  thick  in  Pennsylvania.     It  is  a  calcareous 

formation  of  some  shade 
of  blue,  argillaceous  and 
flaggy  in  its  lower  beds, 
and  shaly  toward  the 
middle,  with  layers  of 
chert.  A  characteristic 
brachiopod  of  this  forma- 
tion, known  as  Ptntamerus 
^^^  ^  gaieaius,    is    shown    in 

Fig,  67.     The  Upper  and  Lower  Pentamerous  beds  can  be 
distinguished  by  the  shell  marks  on  the  brachlopods. 
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SILURIAN    PERIOD    IN    GENBRAIj 

91,  The  Cambrian  period  ushers  in  the  Silurian  period, 
or  Invertebrate  age.  The  rocks  are  metamorphosed  crystal- 
line sandstone,  slates,  and  schists,  with  an  occasional  bed  of 
limestone. 

In  the  Canadian  and  Trenton  epochs,  limestones  predom- 
inate, although  there  are  slates  and  shales  at  the  close  of 
the  Trenton. 

The  Niagara  epoch  starts  in  with  conglomerate  and  sand- 
stone; then  come  limestones,  salt,  and  limestones  again, 
until  the  Oriskany  sandstone  is  reached,  which  is,  in  the  sub- 
division adopted,  the  base  of  the  Devonian  period.  The 
formations  are  thicker  in  the  Appalachian  region  than  in  the 
interior,  varying  from  15,000  feet  in  Tennessee  to  1,200  feet 
in  Iowa.  The  proportion  of  limestone  in  the  East,  however, 
is  less  than  in  the  West.  The  earliest  Silurian  rocks  give 
indications  of  having  been  formed  in  comparatively  shallow 
waters,  and  that  this  part  of  the  period  was  generally  quiet 
except  during  the  Canadian  epoch  in  the  region  of  Lake 
Superior,  where  there  were  extensive  igneous  ejections. 
The  long  quiet  was  finally  interrupted  by  the  Green  Mountain 
and  Cincinnati  uplifts.  The  strata  originally  horizontal  are 
now  inclined  at  angles  varying  from  30°  to  60°,  and  it  is 
probable  that  these  folded  and  crystallized  rocks  made  dry 
land.  The  limestones  that  were  once  common  fossiliferous 
limestones  are  now  crystalline,  having  been  converted  into 
white  and  colored  marbles.  During  the  Upper  Silurian 
period,  large  limestone  beds  were  formed,  which  show  that 
the  earth  was  again  under  water;  and,  as  these  beds  are 
again  thicker  in  the  East  than  in  the  West,  it  would  indicate 
that  a  vast  subsidence  occurred  after  the  Lower  Silurian 
upheaval.  Salina  beds  would  indicate  another  upheaval, 
during  which  time  the  salt  beds  were  formed  in  shallow 
water.  The  iron  ores  of  the  Clinton  epoch  are  the  most 
remarkable  economic  formations  of  this  period,  as  they 
extend  from  Canada  to  the  Gulf  of  Mexico.  The  iron  ores 
of  Tennessee  and  Alabama  are  mostly  Clinton  ores. 
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92.  The  Lower  Silurian,  and  probablir  a  portion  of  the 
Upper  Silurian p  belongs  to  the  period  before  any  vertebrate 
life  came  on  the  earth;  but  in  the  Upper  Siltirian  a  lew 
fishes  appeared,  although  the  Devonian  is  really  the  age  of 
fishes.  The  Silurian  period  is  characterized  mainly  by  the 
large  number  of  shells  and  coral  that  were  developed  during 
this  time.  Figs,  68  and  69 
illustrate  some  of  the  most 
common  Silurian  fossils.  In 
Fig.  68,  J  to  g  show  some 
of  the  characteristic  shells 
of  the  period;  7*'  represents 
a  trilobtte  open,  while  7* 
represents  the  same  species 
when  curled  up  or  closed; 
8  and  9  are  two  of  the 
simple  coral  forms,  though 
the  greater  part  of  the  coral 
of  this  formation  was  not  of 
the  branchy  type,  such  as 
exists  so  commonly  at  the 
present  day,  but  was  more 
of  the  form  shown  at 
Fig.  69  (d),  which  repre- 
sents a  cup  or  homed  coral* 
or  at  Fig.  69  (e),  which 
represents  a  coral  composed 
of  long  cells  joined  together 
in  a  series  of  chains*  as 
shown.  It  was  during  this 
period  that  the  form  from 
which  the  modern  nautilus  and  cuttlefish  have  descended 
first  appeared.  The  nautilus  has  a  shell  composed  of 
chambers,  as  shown  at  Fig.  69  {a),  which  represents  the 
modern  nautilus.  The  chambers  are  connected  by  a  tube 
ruBning  from  the  an i mars  back  through  all  the  chambers, 
although  the  chambers  themselves  are  empty*  When  the 
animal  outgrows  the  forward  chamber  in  which  it  lives,  it 
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Kniffhrn:  ^  and  4.  SpJrifcr  CumTierlaodiae; 
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advances  the  shell  and  leaves  another  sealed  charnber  behind 
it.  The  first  shell  of  this  type  was  chambered  in  the  saniel 
manner,  but  was  not  coiled  as  in  the  nautilus.  In  Fig.  68, 
J I  illustrates  the  shell,  which  was  called  the  orthoeeras.  The 
shells  are  of  considerable  sisse  in  the  Trenton  limestone  at 
Glens  Falls,  New  York,  Fig.  69  {h)  represents  a  species  of  J 
curved  chambered  shells  that  also  came  into  existence  before" 

the  end  of  the  Sihirian  period* 

Another  important  form  of 

life  that  appeared  during  the 

Silurian  period  was  the  crinoid, 

^^^.^^..p.        This  is  illustrated  at  Fig.  69 

^^^ff^    "^k  (^)-     'fhe  crinoids  were  prac- 

^^^^^H  ■  tically  all  attached  to  the  sea 

^^^^^^^^         I  bottom   by    long    stems;    the 

^^^H^^H^       I  head  of  the  crinoid  was  shaped 

^™"*^^^^^   "  considerably   like   a   lily   or 

flower,  having  five  or  more 
fingers  or  plates,  which  it 
could  open  or  close  while 
searching  for  food.  In  fact 
the  crinoid  was  a  good  dea 
like  a  starfish  on  the  end  of  a 
stem.  One  very  characteristic 
little  fossil,  found  in  thel 
Silurian  rocks,  btjt  not  found 
above  them,  is  shown  at  10, 
Fig.  68,  This  is  called  the  graptolite,  and  is  very  common 
to  the  Utica  shales  near  Glens  Falls,  New  York,  It  is  some- 
times serrated  on  both  edges,  instead  of  one  as  shown. 
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tia  bilateralls;  if).  HalyaHch  cateo'  lata. 
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PALEOZOIC    ERA— (Continued) 


BEVONIAN   PERIOD 

1,  DeyanSiiti  BubtllvlHlous, — The  Devonian  period  is 
divided  by  Dana  into  three  subdivisions;  namely,  the  Lower, 
the  Middle,  and  the  Upper.  These  are  further  divided  into 
fotir  epochs;  namely,  the  Oriskany,  the  Corniferous,  the 
Hamilton,  and  the  Chemuny;,  which  are  again  divided  into 
stages.  The  Devonian  rocks  are  sometimes  termed  the  Oid 
Mtd  Sandstone  sen'es,  from  the  rocks  in  Scotland.  There  is 
no  distinct  change  between  Upper  Silurian  and  Lower 
Devonian  rocks,  the  one  gradually  merging  into  the  other; 
the  latter,  however,  in  Eastern  North  America ,  commences 
with  sandstones,  and  is  followed  by  a  great  continental  lime* 
stone,  termed  the  Carnikrous.  The  rocks  of  this  era  show 
that  there  was  considerable  raising  and  lowering  of  the  sur- 
face, so  that  at  one  time  the  land  would  be  above  water  and 
at  another  time  below.  The  seas  contained,  in  general, 
invertebrate  forms  of  life  similar  to  those  of  the  Silurian 
period,  as  well  as  vertebrates  such  as  fishes — hence,  the 
period  is  called  the  a^e  0!  fishes.  The  trilobites  were  fewer, 
while  corals  and  brachiopods  were  in  large  numbers,  and 
new  form;*  of  cephalopods  appeared. 
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2«  Orlskanj  Epoch. ^ — The  rogks  of  the  Orlskatiy^' 
epoch  receive  their  name  from  the  village  of  Oriskany 
Fa]ls,  New  York,  where  the  sandstone  is  about  12  feet  thickj 
As  it  is  traced  south  it  increases  in  thickness  until  it  reaches 
700  feet  in  Pennsylvania,  Maryland^  and  Virginia,  A  char- 
acteristic of  the  rock  is  the  abundance  of  small  cavities, 
which  show  in  places  where  the  rock  is  well  developed. 
The  rock  is  a  coarse,  porous*  silicious  sandstone,  with  a  yel* 


lowish  white  color,   and  finds  use  in  glass  making* 
cavities  mentioned  are  due  to  solutions  percolating  througlT 
the  rock,  dissolving  the  fossils   and   leaving   the   casts    of 
their  shapes.     It  is  sometimes  a  cherty  limestone,  a  pebbly 
sandstone,  and  in  part  a  shale,  but  its  abundance  of  fossili 
and  its  semicakareous  character  distinguish   it  from  grits.l 
The  brachiopods  shown  in  Fig*  1  are  characteristic  of  the 
Oriskanyp 

3,  CornSteroiis  Epocli. — The  Cornlferous  epDch, 
which  is  the  second  division  of  the  Lower  Devonian,  js| 
divided  into  three  epochs  by  the  United  States  Geoloeical 
Survey,  These  rocks  are  widely  dispersed,  and  the  sand^^^ 
stones  and  limestones  of  thiii  formation  have  beeu  recogntse^^| 
io  many  places*     The  three  subdivisions,  beginning  with  the 
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oldest,  are  the  Caoda-galli  grit,  the  Schoharie  gnt,  and 
the  Onondaga  limestone.  In  Iowa,  these  members  receive 
different  names,  and  as  they  are  changed  in  texture  are 
known  as  Independence  shale, 
Cedar  Valley  limestone,  and 
Hackberry  shale. 

4,     Cauaa-Galll    Grit. 
The    Cauda-gallt    grrlt    is    a 

fine-grained  drab  or  brownish 
calcareous  and  argillaceotis 
sandstone.  It  receives  the 
name  of  Cauda  gaiii,  or  **cock's 
tail,**  from  its  peculiar  mark* 
tngs,  which  bear  some  resem- 
blance to  a  plume*  Fig.  2 
shows  the  markings  of  the 
fossil  Spirophyton  cauda  galli^ 
which  is  supposed  to  be  the 
fossil  remains  of  a  seaweed.  Ixi  New  Jersey  and  Eastern 
Pennsylvania,  it  is  a  gritty  slate  which  attains  a  thickness  of 
500  feet. 

5*  Schoharie  Grit, — The  Bchoharle  grit  is  a  fine- 
grrained  calcareous  grit,  naturally  brown,  but  weathering  to 
a  drab  color*  The  fossils  are  numerous  and  peculiar  to  the 
epoch*  Its  great  number  of  gasteropods,  one  of  which  is 
shown  in  Fig,  3,  give  it  a  marked  character.  The  name  is 
derived  from  Schoharie,  in  New  York,  and  the  for- 
mation has  a  wide  geological  extension* 

6.  OnoiKlafira  Lt Hies  tone.  In  the  state  of  New 
York,  the  Onondaga  epoch  contains  two  members; 
the  gray  limestone  below  and  the  corniferous  lime- 
stone above*  The  Oaontlafrn.  limestone  is  recog- 
nized by  its  light  gray  color  and  its  crystalline 
stnicttire  and  toughness.  It  is  a  good  building  stone 
and  resists  the  action  of  the  elements;  when  wet 
it  shows  its  characteristic  fossils.  The  corniferous  lime- 
stone, so  called  from  the  horn-like  flint  nodules  embedded 
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in  it,  alternates  with  the  Onondaga,  so  tbat  they  are  con- 
sidered  as  one  formation.  The  limestone  is  sometimes 
oolitic  and  varies  from  50  to  250  feet  in  thickness.  It  is 
sometimes  very  prolific  in  shells  and  ia 
corals,  of  the  kind  shown  in  Fig.  4*  The 
rock  carries  petroleum  at  Enniskillen, 
Canada,  and  in  Pennsylvania  and  Ohio. 
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M11JD1.B    DEVONIAN    SYSTEM 

7.     Subdivisions.— The  Middle 
^lyj^  Devonian    system    is    divided    into    four 

Fiti*  *  epochs  by  the  United  States  Geological 

Survey;  oamely,  Marcellus,  Hamilton,  Tulley,  and 
Geuesea.  By  Dana,  however,  the  system  is  classed  in 
two  groups,  the  lower  one  being  termed  the  Marcellus,  and 
the  upper  the  Hamilton*  The  latter  group  is  named  from 
the  Hamilton  group  of  rocks  in  Madison  County,  New  York. 
The  beds  have  a  wide  range  and  extend  from  New  York 
westwards,  appearing  from  time  to  time  io  various  localities. 
The  group  attains  a  thickness  of  4,000  feet  in  Monroe 
County,  Pennsylvania,  but  is  only  about  20  feet  thick  at 
Louisville,  Kentucky.  At  Gaspfe,  Canada,  the  beds  are  said 
to  be  7,036  feet  thick,  and  in  the  Eureka  District,  Nevada, 
8,000  feet  thick. 

8.  Marceltus  eiiates, — The  lower  part  of  the  Marcellus 
formation  is  black,  slaty,  and  bituminous,  and  contains 
pyrite  and  impure  black  limestone  in 
irregular  flattened  masses.  The  shale 
resembles  the  Utica  shale,  and  might 
be  taken  for  it.  There  has  been  much 
unavailing  search  for  coal  in  the 
Marcellus  shales,  although,  according 
to  Lesley,  small  coal  beds  do  occur  in 
Perry  County,  Pennsylvania.  These 
are  the  oldest  coal  beds  known.  ^^^^  5 

The  few  fossils    in  this  formation^ — mostly  cephalopods 
termed  Qouiatltles,  B'ig.  5 — are  a  foot  in  diameter  and  are 
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found  in  a  limestone  of  the  same  name  near  the  bottom  of 

the  shales.  The  Marcellus  shales  sometimes  attain  great 
thickness  (875  feet)  and  are  a  strong  line  of  demarca- 
tion between  the  comiferous  limestone  and  the  sandj 
HamiUon  beds. 

9*  Hamiltott  Epoch, — The  town  of  Hamilton,  in  Madi- 
son Connty,  New  York,  contains  no  other  surface  rocks  and 
therefore  affords  a  good  opportunity  for  their  examinatiom 
The  epoch  includes  all  the  beds  between  the  Marcellus 
shale  and  the  Tally  limestone,  and  varies  in  thickQess  and 
color*  Chester,  Green,  and  Albanjr  Counties,  New  York, 
furnish  the  North  River  flagstones,  while  thicker  layers 
known  as  blu^siane  are  found  in  tlie  same  counties,  as  well 
as  in  Sullivan  Comity  and  alon^  the  Delaware  River.  The 
strata  have  joints  of  great  regularity.  The  beds  consist  of 
slate,  shale,  and  sandstone  of  a  dark  blue  or  dark  gray  color, 
becoming  olive  or  brown  on  exposure  to  the  weather. 
Toward  the  western  part  of  New  York  the  beds  become 
calcareous,  with  an  increase  of  clay,  and  are  separated  into 
two  parts  by  a  thin  layer  of  euorliial  llineHtoiic,  the 
upper  bed  being  called  Moscovr  shaLe.  The  rocks  of  this 
formation  are  often  covered  with  ripple  marks  on  the  layers, 

10,  Tiilly  IjtiiieBtoue^^ — The  Tully  epoch  is  sometimes 
wanting  altogether,  but  wherever  found  it  is  recognized  as 
the  dividing  line  between  the  Hamilton  and  the  Genesee. 
The  limestone  is  impure,  of  a  dark  or  blackish  blue  color, 
and  at  Tully,  New  York,  is  about  15  feet  thick. 

lit  Genesee  Epoch. — The  Genesee  epoch  shows  a 
great  development  of  an  even-grained  black  slate,  which 
seems  to  weather  much  better  than  the  Marcellus  shales, 
but  in  the  absence  of  fossils  it  would  be  difficult  to  distin- 
£-uish  the  two.  Its  most  prominent  development  is  in  the 
gorge  of  the  Genesee  River*  Impressions  of  the  remains 
of  fishes  are  found  in  these  rocks. 
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UPPER    n ETONIAN    ST»TEM 

12*     Upper  Dcsvonlan  l^pociis. — The  Upper  Devoniaa  " 

system  is  divided  by  Dana  into  the  Portage  and  the  Chemtiog 
epochs;  while  the  United  States  Geological  Survey  divides  the 
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period  into  the  Chemung  and  the  Catskill  groups,  with  three 
epochs    in    the    former.      The    dividing   line    betweeo    ttoi 
Portage,  Chemung,  and  Catskill  is  not  well  defined. 


13,  Itliaoa  Group. — The  Ithaca  KToiip  of  sandstones 
is  prominently  shown  at  Casadilla  Falls,  near  Ithaca,  New 
York.    These    sandstones    aboimd    in    fossils,    w^hich    are 

largely  brachiopods,  and  bear  a 
close  resemblance  to  those  of  the 
Chemimg  and  Hamilton  species. 
As  these  rocks  are  overlaid  with 
500  to  CKX)  feet  of  Portage  sand- 
stone, they  are  usually  referred  toj 
the  Portage  epoch.  Characteristic 
fossils  are  shown   in    Figs.  6,  7ji 

14,  Portage  Epoch. — The  rocks  of  the  Portage  group' 

are  named  after  the  town  of  Portage,  Livingston  County, 
New  York,  They  outcrop  along  a  wide  belt*  The  lower 
division  of  this  group  consists  of  green  shale*  thin  flag- 
stones, and  sandy  shale,  which  are  known  locally  as  the 
Chasaqua  ^halc^s  and  the  Kaples  grronp.  The  middle 
division  consitits  of  green  and  black  slaty  shales,  with  thin 
layers  of  fine  flagstone  knonv-D  as  the  Gax*dcau  shales  and 
riai^fi tones.    The  rocks  of  this  part  of  the  epoch  form  alniosi 
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perpendicular  walls  on  the  banks  of  the  Genesee  River. 
This  series  is  also  called  the  Oneonta  sandstone  of 
Tanuxem,  and  in  a  measure  re- 
sembles the  Catskill  beds.  The 
upper  part  of  the  group  consists  of' 
the  Portage  sandstones  proper,  which 
are  thick*bedded  and  not  very  shaly. 
The  sandstones  are  in  alternate  hard 
and  soft  layers,  and  on  the  Genesee 
River  are  about  1,000  feet  thick* 
The  fossils  are  not  so  numerous  as 
in  the  Chemung  group  but  contain  Fig.  s 

various  species  of  crinoids,  brachiopods,  and  lamellibranches, 
as  weU  as  some  fish  and  plant  remains, 

15*     Cliemuiipf    Epoch  > — To     the     Chemungr    epoch 

belongs  part  of  the  Ohio  shales,  which  are  2,600  feet  thick 
at  Weilsville,  in  that  state.  These  rocks  are  a  series  of 
thin-bedded  sandstones  and  flagstones  with  intervening 
shales,  and  once  in  a  while  impure  limestone*  The  whole 
series  weathers  to  a  brownish  olive,  but  the  original  color 
of  the  shales  is  dark  green,  while  the  sandstones  are  brown- 
ish olive  to  light  gray.  Toward  the  upper  part  of  the  epoch, 
the  shales  are  reddish^  coarse,  and  fissile, 
and  are  sometimes  taken  for  the  Catskill 
above.     The  Chemung  beds  are  more 
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than  3,000  feet  thick  in  some  localities,  such  as  in  Perry  and 
Monroe  Counties  in  Pennsylvania*  Seaweeds  and  land 
plants  are  more  numerous  in  this  epoch*     Fig*  9  shows  a 
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divisions  that  overlap);  of  fine-grrained  red  sandstone,  red 
slate  or  shale  of  a  brick-red  color;  and  of  dark-colored  slate 
and  erreen  shale,  ifiterstra tilled  with  red  friable  sandstone; 
these  are  succeeded  by  a  reddish  conglomerate  rock.  In 
this  group  are  included  the  Eureka  Eihale  of  Kansas  and 
Missouri;  and  the  CleTelaiidi  Erie,  and  Huron  shales  of 
Ohio,  which  extend    from    Lake  Erie  to   the   Ohio    River 
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Valley;     The  Cleveland  shale  is  at  the  upper  part  of  the 
group,  and  affords  many  remains  of  fishes. 

Oil  and  gas  are  quite  common  in  the  Catskill  rocks.  The 
Devonian  rocks  are  called  the  old  red  sandstone  because  of 
the  color  of  the  Catskill  formation  at  the  top  of  the  epoch. 
The  name  Devonian  was  given  to  this  formation  because  of 
the  rocks  outcropping  in  Devonshire,  England, 
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17.  The  vertebrates  of  the  Devonian  age  were  nearly 
all  of  the  fish  species  termed  g^iuotds,  although  the  leeth 
of  sharks  are  found.  The  ganoids  of  this  period  are  showo 
in  Fig.   13   (a),  (d),  (r),  and  (^)*     The   earliest   forms  of 
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fishes  did  not  have  scales,  but  had  instead  horny  plates 
arranged  in  regular  order.  Another  species  had  the  head 
and  vitals  covered  with  horned  plates,  and  it  is  supposed 
that  these  fishes  lived  in  holes  in  the  mud,  only  dashing  out 
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and  exposing  their  soft  bodies  when  actually  pursuing  prey. 
The  modern  garpike,  Fig,  14,  and  the  sturgeon,  Fig,  15.  are 
about  the  nearest  living  representatives  of  the  Devonian 
ganoids.     The  fish  shown  in  Fig,  16  is  an  inhabitant   of  the 
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River  Nile  in  Egypt.     It  is  evident  from  the  fossil   tee 
found  that  Devonian  fish  had  similar  teeth  to  the  sharks  of 
the  present  day. 
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18.  The  rocks  of  the  Devonian  system  are,  with  one 
exception,  sandstones  and  gritty  shale s»  with  here  and  there 
a  subordinate  layer  of  limestone.  The  rocks  being  sedi- 
mentary were  formed  under  water,  and  are  thicker  in  the 
Appalachian  region  than  in  the  interior  of  North  America* 
The  corniferous  limestone  is  an  exception  to  the  generality 
of  Devonian  rocks,  and  is  one  of  the  great  limestones  of  the 


GEOLOGY 


U 


continent.  The  layers  contain  seams  of  hornstone,  or 
flinty  quartz — e&rfiu  meaning  *'hom** — and  from  this  pecn- 
Harity  the  rock  derives  its  name.  Corals  abound  in  the 
rock,  and  are  exhibited  in  great  numbers  at  the  falls  of  the 
Ohio  River  near  Louisville^  Kentucky.  The  limestone  is 
said  to  be  full  of  microscopic  plants.  The  land  vegetation 
consisted  of  lycopods,  or  ground  pines^  and  tree  ferns,  and 
of  a  low  order  of  conifers.     Braehiopods  were  numerous* 

Both  the  Devonian  and  the  Silurian  rocks  frequently  con- 
tain pockets  of  graphite  and  pitch,  or  aspbaltum,  which  seem 
to  have  been  derived  from  organic  remains  of  some  kind* 
These  organic  remains  may  have  been  either  seaweeds  or 
animals.  Ft  is  also  probable  that  the  natural  gas  and  oil 
derived  from  these  formations  came  from  the  slow  distilla- 
tion of  these  organic  remains  after  the  rocks  hacj  become 
buried  under  strata  and  the  internal  heat  of  the  earth  had  an 
opportunity  to  act  on  the  remains  contained  in  the  rock* 


CARBONIFEROUS  PERIOD 

19*  SubdlvistonB. — The  Carboniferous  rocks  are  in 
layers  that  show  plainly  that  they  are  of  sedimentary  origin. 
Through  these  sedimentary  rocks  are  found  casts  of  plants, 
indicating  that  vegetation  was  abundant  during  the  periods, 
for  which  reason  the  Carboniferous  era  has  been  termed  the 
Age  of  Acrogens,  or  plants.  In  some  places  vegetation 
must  have  been  very  rank,  for  coal  beds  are  found  that  have 
a  thickness  of  20  feet  or  more.  These  coal  beds  are  sup- 
posed to  have  been  formed  by  the  compression  of  peat  bogs, 
and  from  the  very  nature  of  the  rocks  it  is  evident  that  they 
have  been  submerged  as  each  stratum  was  formed.  During 
this  era  the  tracks  of  amphibians  appear  in  the  rocks. 
These  animals  carried  both  lungs  and  gills  and  could  breathe 
either  air  or  water,  and  live  either  on  land  or  in  the  sea. 
The  system  is  subdivided  into  the  Subcarboniferous,  the 
Carboniferous,  and  the  Permian  period.  The  rocks  are 
better  defined  and  have  been  more  thoroughly  studied 
throughout  the  state  of  Pennsylvania  than  elsewhere, 
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StTBCARBONTFEROUS  SYSTEM 

20»     Vespertine,    or     Pocono    Baudstone.  —  Rogers 

divided  the  Subcarboniferous  strata  of  the  Appalachian 
Mountain  region  in  the  United  States  into  Vespertine  and 
UmbraL  The  former  is  known  as  the  Tenth  Divisimt  of 
rocks  in  the  Second  Pennsylvania  Geological  Survey  and 
the  lowest  division  of  the  anthracite  measures;  it  is  also 
tenned  Pocono  sandstone.  The  name  is  derived  from  the 
Pocono  Mountains  near  the  Delaware  Water  Gap,  where  the 
series  are  coarse  gray  and  yellowish  sandstones  and  siliciom 
conglomerate.  These  rocks  become  fine  sandstones  and  dark 
olive  and  black  shales  to  the  westward*  The  color  of 
Pocoiio  sandstone  readily  distinguishes  it  from  the  red  saod* 
stone,  shales,  and  conglomerate  of  the  Catskill  formation 
below.  The  Pocono  sandstones  can  be  distinguished  from 
the  Umbral  of  Rogers,  because  they  are,  in  the  main,  coarse 
grayish  conglomerates  and  sandstones,  while  the  latter 
group  consists  of  soft  shales  mostly  of  a  red  color.  When 
red  shale  is  encountered  below  coal  measures  it  is  useless  to 
look  further  for  coaL 


21.     Umbral,    or    Sftiiich    Chunk    Red    Shale. ^The 
Um  brill  icroup  of  rocks  is  the  eleventh  rock  series  of  tbe^ 
Second  Geological  Survey  of  Pennsylvania.     The  rocks 

almost  entirely  of  soft  red  argillaceous  shales,  with  son 
red  clayey  sandstones  and  limestones.     At  Mauch  Chunk, 
Carbon  Coimty,  Pennsylvania,  this  group  of  rocks  is  3,000  feet 
thick.     The  shales  frequently  show  ripple  marks,  and  crinotd 
are  somewhat  numerous  in  certain  localities^ 
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22.     Mountain    lilraestone-— In    the    Southern    and 
Western    United    States,    the    Subcarboniferous    rocks   are 

mostly  limestones,  which  replace  the  Pocono  sandstone 
Mauch  Chunk  red  shale.     The  limestone  is  termed  Afcm 
tain,  Mississippian,  and   Snhcarbmiikram  iimcsimtc.     To   the 
west  of  Pennsylvania  the  rocks  are  described  in  groups^  in 
order  to  prevent  confusion:    it   must    not   be  understood^ 
however*   that   Carboniferous   limestone    is    one   unbrok 
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mass  of  Itmestone  in  any  one  locality;  on  the  contrary,  it 
is  interspersed  with  layers  of  shales,  grits,  fire-clay  beds,  and 
sometimes  clay-iron  ore,    

II.1.I:N0IS    8UBDITISIONS 

23.  Klnderliook  Group. — The  Kinderhook  series  of 
the  Subcarboniferous  receives  its  name  from  the  Illinois 
subdivisions.  It  rests  on  Devonian  black  shale*  The  rocks 
consist  of  sandstones,  grits,  shales,  and  thin  beds  of  oolitic 
limestone,  and  have  a  total  thickness  that  varies  from  100  to 
200  feet.  The  Choteau  and  lltliogrraijliic  limestones  and 
the  vermicular  sandstones  and  shales  of  Missouri  are  in 
this  group,  as  well  as  the  Goiilatlte  limestone  of  Rock- 
ford,  Indiana. 

24.  Bnrlliigrton  Groap* — The  Burllngrton  grroup 
comes  next  above  the  Kinderhook.  It  consists  of  limestone 
with  cherty  layers  at  the  top  and  nodules  of  homstone 
throughout  portions  of  the  limestone*  Much  of  this  stone 
makes  excellent  building  stone*  The  thickness  of  the  group 
varies  from  25  to  200  feet. 

25.  Keokulc  Group.— The  Keokuk  group  is  the  third 
from  the  Devonian.  Along  the  junction  with  the  Burlington 
limestone  there  are  thin-bedded  cherty  limestones;  the  middle 
portion  is  a  gray  limestone,  and  the  upper  portion  a  shaly^ 
argillaceous,  ma^nesian  limestone  called  the  iireode  beitj 
because  of  the  rock  abounding  in  geodes  varying  from  i  inch 
to  20  inches  in  diameter.  These  geodes  are  often  beautiful, 
heiag  hlled  with  quartz,  calcite,  and  sometimes  metallic 
mineral  crystals* 

26*  St^  IjouIb  Group. — The  St.  Lioule  group  is  an 
evenly  bedded  limestone  at  Alton  and  St.  Louis.  At  Alton, 
Illinois,  the  limestone  is  oolitic,  as  in  Bloomington  and  in 
Indiana.  At  Warsaw,  Indiana,  the  formation  contains  blue 
calcareous  shales  and  arenaceous  limestone.  The  celebrated 
Bedford  limestone  of  Indiana  probably  belongs  in  this  group. 
In  Kentucky,  the  St.  Louis  limestone  produces  in  places 
onyx  marble* 
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27p  Chester  Group* — The  Htnestone  in  the  Chest 
^roup  is  in  three  or  four  beds,  with  intercalated  shale  and 
sandstone,  and  is  sometimes  600  feet  thick.  It  includes  the 
FentremLt&l  and  Upper  Archimedes  limestones;  the  latter 
is  also  termed  Kaskaskia  Itmestone. 


THICJCXES8    OF    THE    SUBCABBONIFEROUS 

28.     In  Southwestern  Illinois,  the  Subcarboniferous 
turn  is  said  to  be  1,500  feet  thick;  near  Chicago  there  is  very 
little  if  an^r  Subcarboniferous  strata. 

In  Iowa,  there  are  175  feet  of  the  Kinderhook  beds,  190  fi 
of  the  Burlington  limestone  beds,  50  feet  of  Keokuk  Hme*^ 
stone,  and  75  feet  of   St,   Louis  limestone,  or  a  total  of 
490  feet. 

Id    Missouri,   the   total    Subcarboniferous    limestone 
1,150  feet  thick. 

In  Kentucky  and  Tennessee,  the  subdivisions  observed  ii 
Illinois  are  not  distinct. 

In  middle  Tennessee,  Stafford  divides  the  Subcarboniferous 
into  two  groups;  namely,  the  silicious  and  the  limeston 
The  sUlelous  from  belaw  comprises:  (1)  the  Protea] 
series,  composed  of  cherty  and  argillaceous  beds,  with 
some  limestone  250  to  SOO  feet  thick r  (2)  the  Coral  serle 
containing  impure  cherty  limestone,  the  equivalent  of  t 
St*  Louis  limestone,  250  feet  thick.  The  limestone  or  seconi 
group  is  400  feet  thick  on^  the  northern  border,  and  720  fee 
thick  on  the  southern  border  of  the  state.  The  upper  mem- 
ber also  extends  into  Mississippi  and  Alabama,  where  it  con- 
sists of  gray  limestones,  partly  oolitic  and  partly  cherty,  with 
some  shaly  beds;  in  all,  about  900  feet. 

In  Pennsylvania,  the  Subcarboniferous  strata  vary  from 
6,000  feet  thick  in  the  eastern  part  of  the  state  to  about 
1,000  feet  in  the  western  part. 

In  West  Virginia,  the  formation  thickens  in  Pocohontas 
County  to  more  than  2,000  feet,  and  includes  the  Big 
Elephant  limestone  822  feet  thick.  In  McDowell  County, 
West  Virgioiaf  the  formation  is  mostly  sandstones,  shales, 
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and  limestones,  and  from  well-hole  observations  must  be  at 
least  1,500  feet  thick. 

The  Michij^an  Subcarboniferous  rocks  are,  according  to 
Wine  hell,  composed  of  173  feet  of  grits  and  sandstones, 
called  the  Mareball  bede;  123  feet  of  shales  and  sand- 
stones, called  the  Kapoleoii  beds;  and  184  feet  of  shales, 
limestone,  and  gypsnm,  termed  the  Mfchlgran  salt  beils* 
The  gypsum  rock,  which  is  drab  colored  and  massive,  is 
made  into  plaster  of  Paris,  The  fourth  member  is  the 
Carboniferous  limestone,  66  feet  thick.  The  Ohio  Sub- 
carboniferous  is  640  feet  thick. 


OHIO    BUBD1T1810KS 

29,  The  Waverly  ^roup  is  the  name  given  to  the  Sub- 
carboniferous  rocks  in  Ohio,  and  is  subdivided,  beginning  at 
the  bottom,  into  Bedforcl  f^hale^  Berea  writ,  Berea  black 
sliale,  Cuyahoga  Btiale,  Waverly  cougloinerate,  LiOf^an 
sandstone,  and  ollTe  isbalee. 


SUBCAHBONIFEROUB     COAL.    BEB9 

30.  The  Subcarboniferous  rocks  sometimes  contain  coal, 
but  the  beds  are  not  persistent  or  as  valuable  as  those  of 
the  coal  measures  proper*  At  Blacksburg,  Montgomery 
County,  Virginia,  and  in  several  other  locations  along  the 
Blue  Ridge  and  Alleghany  "Mountains  in  Virginia,  a  semi- 
anthracite  is  found.  At  Tipton,  Pennsylvania,  there  is 
another  coal  deposit.  The  Pocahontas  coal  bed  in  Virginia 
and  West  Virginia  is  assigned  to  the  Subcarboniferous 
period*  

CAHBONIFEROUS    SYSTEM 

31*  Coal  Measures,— The  Carboniferous  rocks  do  not 
always  contain  coal  formations,  for  in  the  West  there  are  no 
productive  coal  beds  in  the  measures,  although  some  of  the 
most  valuable  silver,  lead,  and  copper  deposits  are  found  in 
the  limestones  of  this  period  that  are  adjacent  to  igneous  or 
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aqueo'igneous    formaHons*     The   Carboniferous   period  m_ 
the  East  is  subdivided  into  Millstone  Grit,  Lower  Produ 
tive  Coal  Measures,  Middle  Coal  Measures,  Upper  Prodtio" 
tive  Coal  Measures,  and  Upper  Barren  Measures. 

32,  Millstone  Grit. — The  millstone  grit  is  a  mass  oi 

grayish  sandstone  highly  silicious.  It  is  the  base  of  the 
coal  measures  proper,  and  rests  on  the  Mauch  Chunk  red 
shale,  or  on  the  Carboniferous  limestone.  In  the  anthracite 
region  of  Pennsylvania,  the  rock  is  composed  of  water- 
rounded  pebbles  varying  in  diameter  from  i  to  1  iocli  or 
more  and  cemented  together^  in  other  coal  fields,  the  grit  is 
composed  of  angular  quartz  grains.  The  rock  receives  ita 
name  from  the  fact  that  it  was  once  extensively  tised  for 
millstones.  The  Pottsville  conglomerate  is  the  equivalem 
of  millstone  grit,  J 

33,  Lower  Productive  Coal  Measures, — The  I^ower 
Productive  ^roup  of  sedimentary  rocks  contains  good  coal 
beds  in  the  Eastern  Middle  States.  The  rocks  consist  of 
sandstone,  slate,  coal,  and  fireclay,  the  latter  usually  directly 
underneath  the  coal  beds.  The  sandstones  and  slates  cob 
tain  fossil  impressions  of  plants  and  trees, 

34,  Miadle  Coal  Measures, — The  Middle  Coat  grroui 

while  having  all  the  rocks  of  the  upper  and  lower  coaf 
measures,  has  few  workable  beds  of  coal,  so  that  it  has 
received  the  name  of  Barren  Coal  Measures.  In  Logan 
and  Mingo  Counties,  West  Virginia,  these  measures  are 
quite  productive,  ^j 

36.  upper  Productive  Coal  Measures. — The  UppeJH 
Productive  Coal  Measures  consist  of  alternate  shale, 
coal,  slate,  fireclay i  and  sandstone  rocks,  and  contain  work- 
able beds  of  coaL  Probably  they  are  more  valuable  from 
a  commercial  standpoint  than  the  Lower  Produciive  Coal 
Measures,  as  they  cootatn  the  celebrated  Pittsburg  coal  bed. 

36,  Permian,  or  Upper  Barren,  Measures, — ^The 
Permian  beds  are  composed  of  shale,  limestone,  thin  beds 
of  coal,  and  sandstone.    At  Dtinkard  Creeks  Green  County, 
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Pennsylvania,  they  are  about  700  feet  thick.  The  Permian 
epoch  was  one  of  transition  between  Paleozoic  and  Meso- 
l£oic  times*  Permio-Carboniferous  rocks  occur  in  Kansas^ 
Texas»  Indiana,  and  Mexico.  The  name  is  derived  from 
Permia,  a  province  in  Russia.  The  coal  measures  of  Kansas^ 
Missouri,  Illinois,  Nebraska,  Nova  Scotia.  New  Brunswick, 
and  Prince  Edward  Island  are  referred  to  the  Permian, 
Permian  beds  have  been  identified  in  Colorado,  Arizona, 
Utah,  New  Mexico,  and  California, 

37-  Kconomle  ProductH  of  the  Carbontferous 
Ferlod.— The  principal  economic  product  of  the  Carbonifer- 
ous period  is  coal,  which  varies  from  a  poor  quality  to 
excellent  cokingf  coal,  and  ranj^es  from  bituminous  shales  to 
cannel  coaK  Anthracite,  or  metamorphosed  coal,  is  best 
developed  in  Northeastern  Pennsylvania,  although  there  are 
beds  of  the  mineral  in  Colorado  and  Utah*  Underneath  the 
bituminous  coal  beds  there  are  beds  of  fireclay,  which  is 
useful  for  firebrick.  The  beds  of  sandstone  split  into  layers^ 
making  it  possible,  whenever  coking  coal  is  found,  to  con- 
struct coke  ovens  at  a  small  cost  for  building  materiaL  The 
building  stones  and  variegated  limestones  make  this  era  one 
of  very  great  importance  in  architecture*  Nor  is  this  all, 
for  in  some  formations  the  iron  ore  stdenie  is  founds  thus 
furnishing  fueU  flux,  and  ore  in  the  same  locality.  The 
great  silver  mines  at  Aspen  and  Leadvillej  Colorado,  are 
in  the  Carboniferous  limestone;  while  the  copper  mines  of 
Cochise  County,  Arizona,  are  in  the  same  formation.  While 
some  excellent  coal  beds  exist  outside  of  the  Carboniferous, 
the  most  persistent,  and  as  ,a  rule  the  best,  belong  to  this 
period. 


DISTINGUISHING    FEATURES    IN    CARBONIFEROUS    ROCKS 

38.  Coal  Flora. — The  coal  formations  are  distinguished 
by  plant  and  shell  remains  rather  than  by  rocks;  neverthe- 
less, any  one  accustomed  to  coal  formations  can  distinguish 
Carboniferous  rocks  almost  without  fossil  indications.  To 
be  an  expert  in  paleontology,  one  must  be  able  to  separate 
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be  no  more  certain  of  his  strata  than  if  he  depeoded  on 
rocks  alone  as  a  gfuide.  The  most  common  plant  impres- 
sions in  the  sandstone  and  shales  are  those  of  trees  and 
ferns.     The  impressions  of  the  treelike  fern  stems  termed 

X^eptdodendroufl 
are  shown  in  Figs.  17, 
18,  and  19.  Fig.  17 
represents  a  Lepl- 
^oaendrou  aciile- 
atum,  a  variable 
species  common  in 
the  lower  coal  beds. 
The  fossil  shown  in 
Fig.  IS  is  found  In 
he  lower  coal  beds 
if  Pennsylvania, 
Kentucky,  Arkansas, 
and  Illinois,  and  is 
termed  Tjepldod en- 
Fief.  19  shows  a  fossil  called  I^epl- 
dodendron  obttisum.  There  are  various  other  species 
of  tree-like  fern  slemsi  which  at  times  attain  a  length  of 
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100  feet.     They  first  appear  in  the  Upper  Devonian  mixed 
with  the  calamites  in  the  top  Cliemung-Catskill  shales,  and 
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persist  through  the  intervening  strata  to  the   Barren  Coal 
Measures  I  where  they  disappear.     The  leaves  of  the  Lepi- 
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Pic.  22 


Todendrids  shown  in  Fig,  20  are  termed  Jjepldophyllum, 
and  their  cones>  shown  in  Fig.  21,  are  called  LepUlns- 
ti-obue;  they  are  both  found  in  the  same  strata 
as  the  Lepidodendrons. 

39.  Sl^tUnrla  are  species  of  Lycopods,  and 
are  similar  in  some  respects  to  the  Lepidoden* 
drids,  but  differ  in  having  the  scars  in  vertical 
series,  as  shown  in  Fig.  22  (a)  and  (b).  Sigil- 
laria,  Fig.  22  [a),  and  Htli^niarlB,  Fig.  22  ib) , 
were  very  common  in  the  Middle  Coal  Meas- 
ures, and  are  peculiar  m  that  their  markings  on 
the  outside  differ  materially  from  those  beneath. 

40.  Calami  tes,  or  reeds,  are  found  from 
the  base  of  the  Catskill  formation  in  the  Devonian 
up  to  the  Barren  Coal  Measures.  Fig.  23  illus- 
trates this  fossil  plant,  and  there  are  many  others,  which 
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assume    at   times    the    proportions   of    small    trees*     The 
can  be  readily  distinguished  by  their  reedlike  markings. 

41,     The  AsterophyllLteB       ,-^^^^^^^^^^         T 

were  plants  having  leaves  or 
rather   little   branches  in   whorls 


Fig.  24 


This  plant  is 


around  jointed  litems,  as  shown  in  Fig.  24, 
characteristic  of  the  Upper  Coal  Measures. 

42.  Ferns, — ^There  was  a  large  variety  of  ferns  in 
Carboniferous  era-  The  most  common  kind  in 
the  Lower  Productive  and  Barren  Measures  was 
similar  to  that  shown  in  Fig*  25,  and  termed 
SlibereopterlB.  Another  species  termed 
Neuropterls  af^tistl folia  and  shown  in 
Fig.  26,  is  said  to  be  the  commonest  fossil  plant 
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in  the  Pennsylvania  coal  m e as ures^— Upper  and  Lower  alike. 
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43.  Tri^iiocarpotiB  are  three-  or  six-sided  nuts  found 
in  the  coal  measures,  and  resemble  more  nearly  the  fruit  of 
pie  yew  tree  than  any  other  known  plant.  In  Fig,  27  is 
gbown  the  Kliabdoearpon,  which  is  plum-shaped  and  not 
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three-  or  six-sided.  This  is  another  species  of  nut  found  in 
le    Lower   Productive   Measures   and   in  the  highest  coal 

[measures,  although  they  do  not  appear  to  be  so  numerous  in 
le  latter, 

44,  @1iells. — The  fossils  of  the  shellfish  and  corals  of 
this  period  are  abundant  and  fairly  well  preserved  in  the 
shales  and  sandstone.  Fig.  28  shows  the  Prodiictus 
^unctatiis,  which  is  one  of   the  best-known  shells  of  the 
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icoa]  measures.  It  is  found  in  the  stratum  from  the  Subcar- 
l>omferouB  to  the  Permian.  There  is  another  product u«^ 
Hrhich  is  wndely  known  throughout  European  and  American 
coal  formations,  and  whose  shell  resembles  that  of  a  scallop 
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in  that  it  has  both  longitudinal  and  transyerse  markings,  as 
shown  in  Fig,  29,  The  Bplrlfera  eamerata,  a  vertical 
view  of  which  is  ^iven  in  Fig.  30  (a),  and  a  dorsal  view 
at  (^),  ranges  from  the  top  to  the  bottom  stratum  of  the  coal 
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formations,  and  is  probably  one  of  the  most  common  species. 
The  Crtnolds,  termed  Peutreniites  and  shown  in  Fig.  Zl, 
are  found  in  large  numbers  in  the  Subcarboniferous  forma- 
tions. The  Fleurotomaria^  shown  in  Fig. 32  (^)  and  (^),  are 
found  occasionally  in  the  Upper  Coal  Measures:  but  some- 
what similar  fossils  are  found  in  the  Lower  Coal  Measures 
and  the  Subcarboniferous  stratum,  Ji 

45*  Trilobites  are  found  in  the  Subcarboniferous  strata, 
but  they  disappeared  during  this  period.  The  Orthocera.s, 
or  straight-chainbered  cephalopod,  disappeared  wirh  the  end 

of  the  Paleozoic  time,  and 
became  practically,  if  not 
quite,  extinct  during  the 
Devonian  age,  although 
the  curved  or  spirally 
chambered  forms  continue 
in  great  abundance,  Dur* 
ing  the  Carboniferous  era, 
fishes  became  more  numer- 
ous and  attained  a  higher 
stage  in  the  scale  develop- 
ment than  during  the  De- 
vonian era.  Before  the  end  of  the  Carboniferous  the  fir: 
amphibians  appeared.  But  the  characteristic  of  the  Cai 
boniferous    period   was.  as   its  name   indicates,   the   great 
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abundance  of  vegetable  life,  which  resulted  in  the  forma- 
tion of  coal  deposits.  The  vegetable  life  of  the  Carbon- 
iferous period  was  of  the  lower  forms,  such  as  our  club 
mosses,  ferns,  etc*  of  the  present  day.  There  was  none  of 
the  fruit  trees  or  flowers  of  the  present  time,  and  the  dense 
growth  of  vegetation  in  the  swamps  and  on  the  low  grounds 
resulted  in  great  peat  bogs,  which  finally  became  the  coal 
seams  of  the  present. 

46*  At  the  end  of  the  Carboniferous  period  the  thick 
deposits  of  sediment  that  were  so  long  accumulating  in  the 
Appalachian  regions  were  folded  and  forced  up  to  form 
the  Appalachian  Mountains.  At  the  same  time,  or  very 
soon  afterwards,  the  Utah  Basin  region  was  upheaved  to 
form  landj  while  the  Nevada  Basin  region  sank  to  become  a 
sea.  In  fact,  the  Pacific  shore  line  was  transferred  eastwards, 
but  there  still  remained  a  narrow  sea  between  the  Appa- 
lachian Mountains  and  what  are  now  the  Rocky  Mountains. 


PBRMIAN    BITSTSM 

47-  The  Permian  period  is  usually  classed  with  the  Car- 
boniferous period,  but  is  in  reality  the  transition  period 
between  the  Paleozoic  and  the  Mesozoic  time.  In  North 
America,  the  transition  between  the  two  periods  was  marked 
by  great  changes  in  the  continent.  The  Appalachian  Moun- 
tains were  forced  up  from  the  sea  bed,  and  many  extensive 
changes  took  place  in  the  western  portion  of  the  country; 
hence,  in  most  places  the  Permian  is  entirely  wanting  in 
this  country,  but  is  present  in  parts  of  Illinois,  Kansas,  Okla- 
homa, Texas  Panhandle,  and  some  other  localities. 
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MESOZOIC  ERA 

48.  Subdivisions. — Mesozoic,  or  medieval,  time  con- 
tains a  single  era  only,  and  is  termed  the  agre  of  reptiles. 
It  is  divided  by  the  United  States  Geological  Survey  into 
two  periods;  namely,  the  Jura-Trias  and  the  Cretaceous. 
Foreign  geologists,  however,  divide  the  time  into  three 
periods;  namely  the  Triassic,  the  Jurassic,  and  the 
Cretaceous.  In  the  United  States,  the  three-bed  period, 
or  Trias,  is  not  well  developed,  and  the  Jurassic — named 
after  the  Jura  Mountains  in  Switzerland  and  France — make 
a  continuous  series  not  easily  separated;  hence  the  term 
Jura-Trias.  At  the  time  that  the  Mesozoic  beds  were  form- 
ing, the  Appalachian  district  was  probably  dry  land,  while 
to  the  west  was  an  inland  sea,  and  to  the  east  the  Triassic 
was  formed  from  the  Hudson  River  in  New  York  to  the 
Deep  River  in  North  Carolina.  The  rocks  also  appear  in 
the  Connecticut  River  valley,  and  at  Newark,  New  Jersey. 
There  is  a  Gulf  border,  and  an  Arctic  area  of  these  formations. 
The  brownstones  of  Connecticut,  Newark,  New  Jersey,  and 
Manassas,  Virginia,  are  of  this  formation.  This  stone  is 
used  largely  for  house  fronts  in  New  York  City,  but  it  does 
not  always  weather  well.  The  rocks  are  mostly  sandstones, 
conglomerates,  sandy  shales,  and  sometimes  fine  black 
shales  and  coal,  together  with  thin  impure  beds  of  lime- 
stone. This  stone  is  termed  the  new"  red  sandstone,  to 
distinguish  it  from  the  old  red  sandstone  of  the  Catskill 
formation. 

The  Palisades  opposite  New  York  City  are  Triassic;  that 
is,  they  are  basaltic  rocks  that  were  forced  from  below 
through  fissures  in  the  Triassic  formation.  Wherever  geo- 
logical features  of  this  description  are  discovered,  the  rocks 
are  referred  to  as  belonging  to  the  age  in  which  they  were 
erupted. 
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JURA-TttlAS   PERIOD 

The    Triassic   formation   is   exposed 


W       49.     The    Triassic   formation   is   exposed    in   Northern 

m    Texas,  Indian  Territory,  and  Western  Kansas.     The  forma- 

I    lion  exists  about  the  Black  Hills  of  Dakota,  on  the  summit 

I    of  the    Rocky   Mountains   in   New    Mexico,   Colorado,   and 

Utah*  as  also  in  Wyoming^  Montana,  and  Idaho,     West  of 

the  Rocky  Mountains  over  the  Great  Basin  Plateau,  and  the 

plateau  region  of  British  Columtiia,  the  strata  have  been 

observed.     They  are  also  found   in  Mexico  and  Honduras. 

Their  existence  in  the  eastern  part  of  the  United  States  has 

I  already  been  mentioned. 
50,  Jurassic  rocks  are  reported  at  the  base  of  the  Black 
Hills  in  Dakota,  along  the  base  of  the  Laramie^  Bi^  Horn, 
Wind  River»  and  other  mountains  in  the  chain.  The  Upper 
Jurassic,  or  Kheetlc,  in  Colorado,  Wyoming,  and  Montana 
contains  the  remains  of  large  animals.  The  rocks  are  also 
found  along  the  western  slope  of  the  Sierra  Nevada,  where 
they  contain  the  auriferous  slates  of  California.  The  Jurassic 
rock s  seem  to  h a ve  been  m o stl y  f re sh -water  deposits.  Numer- 
ous trap  dikes  have  burst  throii^jh  the  red  shale  and  sand- 
i    stone  of  the  Jura-Trias  since  they  were  deposited, 

^^fc  CRETACEOUB   PERIOD 

W  51.  8  ubd  I  virions. — The  formations  termed  Creta- 
I  ceous,  from  the  Latin  word  for  chalk,  are  divided  in  the 
^  United  States  and  Canada  into  the  Atlantic  and  Gulf  area^ 
the  Interior  area,  and  the  Pacific  Coast  areas.  These  are 
m  subdivided  locally  in  each  district,  and,  while  limited  in  area 
I  and  thickness  in  the  East,  they  cover  a  large  area  in  the 
West,  attaining  9,000  feet  in  thickness.  The  chalk  rocks  of 
England  belong  to  this  epoch,  but  chalk  in  this  country  seems 
to  be  limited  to  the  vicinity  of  Trego,  Kansas,  where  an  area 
of  3,750  square  miles  is  said  to  exist. 

Besides  fresh-water  limestone  beds,  the  formation  contains 
coal  deposits,  which  are  mostly  lignite.     As  stated,  there  is 
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not  much,  if  any,  Carboniferous  coal  in  the  West;  conse-^ 
quently,   the   Tertiary  and   Cretaceous  formations   are  the 
sources  of  supply.  ^H 

52*     Atlantic  and  Gulf  Area, — The  FototMsc  grrotip^ 

belongs  to  the   Lower  Cretaceous.     It  consists  tnostly  of 
granitic  sandstones  and  conglomerateSi  loosely  aggregated 
and  irregularly  bedded,  with  clay  beds  in  the  upper  portion. 
It  extends  from  Delaware  to  Weldon,  North  Carolina,  in  aj 
belt  seldom  over  10  miles  wide,  ^M 

The  Northern  Gulf  border  or  the  Tuscaloosa  group  is 
located  in  Alabama,  and  consists  of  clay  and  sand  beds  coa-^ 
taining  impressions  of  leaves.  H 

53*  The  Eataw  group  in  Mississippi  is  also  in  this 
period,  and  is  from  Z^QOO  to  4^000  feet  thick,  and  while  gen- 
erally of  a  similar  character  to  the  Potomac  and  Tuscaloos 
groups  contains  some  lignite*  The  Eutaw  group  consist 
of  unconsolidated  sands  and  dark -tin  ted  clays.  Above  this" 
is  a  fine  micaceous  sand  of  greenish  tint,  but  sometimes 
with  other  colors  (even  an  orange  red),  termed  the  Totnbt^* 
bee  sand. 

The  formation  termed  the  rotten  llnneBtone  has  a  thick* 
ness  of  700  feet  in  the  southwestern  part  of  Alabama,  but  thins 
to  about  100  feet  at  the.Tennessee  line*  This  is  a  white  or 
yellowish  white  stone  at  the  surface,  but  darkens  with  depth. 

The  Ripley  formation  is  the  topmost  series  of  the  Eutaw 
group.     It  is  composed  of  a  hard  crystalline  limestone,  with 
the  highest  strata  of  bluish  micaceous  marls  more  or  les 
sandy  covered,  with  a  gray  calcareous  clay. 


UPPER    CBETACEOUS    SYSTEM 

54.  Rarltan  Epoch, ^ — In  New  Jersey,  along  the 
there  are  beds  of  green  sand  or  marl  inter  stratified  with 
of  common  sand,  clay,  and  occasionally  marine  shells.  They 
are  fresh-water  beds,  probably,  since  they  contain  plastic 
clay,  fossil  leaves,  and  lignite,  and  are  supposed  to 
equivalent  to  the  Dakota  marine  of  the  interior 
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56.     Western  Gulf  Area  of  the  Upper  Cretaceous, 

According  to  R,  T,  HilU  the  Western  Gulf  area  of  beds 
extends  from  Arkansas  westwards  into  the  northeastern 
states  of  Mexico*  The  Lo7t'er  Cross  Timber  Sands  300  feet 
thick  are  overlaid  with  the  Elai^le  Ford  KlialeM  500  feet  thick; 
then  above  the  latter  comes  the  Austin  limestone  300  to  .500 
feet  thick;  and  finally  above  these  come  the  Navarro  or 
Eaucle  Pas6  beds  of  green  sand  overlaid  with  chalk  and 
marls.  The  Laramte  beds  of  Western  Texas  are  classed 
in  this  area. 


I 
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INTERIOR     AREA    OF    THE     LOWER     CRETACEOUS     SYSTEM 

56*  The  beds  of  the  Coraanehe  series  are  mostly 
marine »  and  reach  a  thickness  of  5,000  feet  on  the  Rio  Grande, 
They  extend  from  Kansas  into  Indian  Territory  and  through 
Texas  into  Mexico.  R,  T.  Hill  divides  them  into  the  Trimiy, 
Frederic ksbm:gy  and  Washita  epochs,  with  subdivisions.  They 
consist  mostly  of  limestones  that  are  partly  chalk,  clays»  and 
sands.  The  Comanche  series  are  referred  to  the  Texas  area 
of  the  Lower  Cretaceous. 


57-  Trinity  Epoch. — The  Trinity  iproup  of  rocks 
consists  at  its  bottom  of  sands  with  fossil  leaves  and  lignite 
that  are  known  as  Trinity  sands.  Above  the  sands  come 
the  Glen  Rose  bedn,  which  are  sandy  below  and  calcareous 
above.  They  contain  some  vegetable,  reptilian,  and  marine 
fossils.     Above  these  latter  beds  come  the  Palwaj  sands. 

58.  Freclerleksbiirg  Epocli-— The  FrederlcksburK 
l^roiip  begins  with  Walnut  clays,  followed  by  Comanche 
Peek  chalk,  and  is  topped  with  Caprlan  or  Austin 
Uniestone.. 

53*  Washita  Epoch- — The  lowest  beds  of  the  Washita 
ifroiip  are  termed  Preston  and  consist  of  chalk  (found  at 
Duck  Greek)  and  Kianutia  clays.  The  Fort  Worm  or 
Washita  limestone  is  next  above  the  Preston,  and  above 
fhem  come  the  Denleou  sands,  clays,  and  limestones.  The 
School  Creek  limestone  is  the  topmost  bed  of  the  series. 
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INTERIOR    UPPEB    CRETACEOUS    SYSTEM 

60t     Dakota  Epoeh.^The  Dakota  s^roup  of  rocks 

placed  at  the  base  of  the  Interior  Cretaceous  period.  These 
rocks  are  composed  of  clays^  li^nite^  and  sands  toner  beds, 
the  latter  below  the  lignite  assuming  the  character  of  con- 
glomerate- Fossil  leaves  are  abundant,  showing  that  the 
deposits  were  of  fresh*water  origin*  The  Bear  River,  Wyo 
ming,  coal  beds  probably  belong  to  this  group. 

61,  Colorado  Epoch, — ^The  lowest  beds  of  the  Colo- 
rado grroup  are  termed  the  Fort  Benton,  after  the  place  of 
that  name  in  Montana,  where  laminated  clays  and  limestones 
are  found  that  are  said  to  have  a  maximum  thickness  of 
1^000  feet.  The  Coalville  beds  of  Utah,  1,500  feet  thick, 
including  the  coal  bed,  are  classed  in  this  group  by  Stanton. 
The  upper  group  of  this  epoch  is  termed  Niobrara  and 
attains  a  thickness  of  2,000  feet;  it  consists  of  marls,  chalks, 
shales,  sandstones,  and  limestones. 

62-  Montana  Epoch < — The  Montana  ^roitp  of  roc 
reaches  a  maximum  thickness  of  8,700  feet.  The  lowest 
Fort  Pierre,  group  consists  of  clays,  sand  beds  with 
stone  concretions,  and  marine  fossils*  The  Fox  Hills  beds, 
which  is  the  name  given  to  the  beds  above  the  Fort  Pierre, 
consist  of  sandstones  and  shales  with  marine  fossils;  their 
maximum  thickness  is  given  as  1,000  feet,  ■ 

63.  Liaranile  Epoch* — The  Iiaramie  firroup  is  divided 

into  the  Lower  and  the  Upper  Laramie.  The  length  of  thB 
Laramie  Interior  Sea  was  nearly  2,000  miles,  and  another 
sea  in  the  Mackenzie  Valley  area  was  500  miles  long»  and 
probably  opened  into  the  Arctic  Ocean. 

Although  the  waters  were  generally  fresh,  still  sea 
saurians  and  sharks  ascended  to  Dakota.  J 

64,  The  Lower  Laranite  consists  of  fresh- water  cross- 
bedded  sandstones,  with  clay  beds:  occasionally,  there  are 
fossiliferous  brackish  water  and  bituminous  coal  beds— there 
being,  in  some  instances,  fifteen  to   twenty  coal   beds  in 
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1,000  feet     The  maximum  thickness  of  this  group  is  given 
as  5,000  feet. 

The  coa!  beds  of  the  West  are  nearly  all  of  this  group, 
Colorado  alone  having  an  area  of  18,000  square  miles;  Utah, 
Wyoming »  Montana,  and  New  Mexico  have  also  large  coal 
areas.  Fig.  33  is  a  cross-section  of  the  Laramie  Cretaceous 
coal  measures  under  Pilot  Knob  Mountain,  Colorado. 


66 •  The  Upper  Larainle,  or  DenTer  lorroup,  derives 
its  name  from  its  distribution  about  the  city  of  Denver, 
Colorado^  it  overlies  the  Lower  Laramie,  Geologists  seem 
to  differ  in  regard  to  the  location  of  these  beds,  some  pla- 
cing them  in  the  Cretaceous  period  and  others  in  the  Eocene 
period  of  the  Cenozoic  era.  The  Denver  group  may  prob* 
ably  be  referred  to  the  Cretaceous,  and  consists  of  the 
Arapaho  and  Denver  fresh- water  beds  of  sandstone  and  con- 
glomerates, as  well  as  of  partly  eruptive  material,  forming 
andesitic  beds  or  old  conglomerate,  either  with  or  without 
coal  beds* 


PACIFIC    AND    CANADIAN    IXIWEtl    CRETACEOtJS    SYSTEM 

66*  The  Lower  Cretaceous  beds  of  the  Pacific  Coast  in 
the  United  States  are  marine;  in  British  Columbia,  they  are 
partly  of  fresh-water  origin.  Dawson  describes  them  as 
e^iending  from  Washington  northwards  to  the  Yukon  district 
and  then  to  the  Arctic  Ocean,  They  border  the  coast  of 
California  and  Oregon,  extending:  thence  to  Vancouver  Island, 
and  are  found  again  far  north  on  the  shores  of  the  Alaskan 
Peninsula.     The  beds  in  Califoroia  are  termed  the  Shasta 
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^roap,  and  are  divided  into  the  Knoxrllle  and  the  Horse- 
town  beds.  The  total  thickness  of  this  group  in  Tehama 
County  is  26,000  feet.    In  Shasta  County,  where  the  Horse- 
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town  beds  alone  occurt  the  thickness  is  5,200  feeL  The  Knox-" 
ville  group  has  forms  of  moUtisks  of  the  oyster  family  showo^ 
in  Fig.  S4;  while  the  Horse  town  beds  contain  Animonltes^H 
such  as  are  shown  in  Fig,  35,  that  attain  a  diameter  of  2i  feet. 


PACIFIC    UPFKR    CRETACEOUS    BEDS  ^H 

67.  The  Pacific  Upper  Cretaceous  beds  extended  origi' 
nally  from  Lower  California  in  a  broad  belt  to  the  Queen 
Charlotte  Islands.  The  Upper  Cretaceous  of  California  at 
present  includes  only  the  Chlco  beds.  These  beds,  which 
are  said  to  be  4,000  feet  thick  in  Tehama  County,  California, 
are  considered  to  be  marine  sandstones  and  conglomerates. 
In  Canada^  they  are  supposed  to  be  correlative  with  the 
Belly  River  ^roup^  which  contains  fossil  leaves  and  is  a 
fresh-water  deposit. 

Correlative  with  the  Chico  beds  are  the  Naualmo  bedfs, 
on  the  eastern  side  of  Vancouver  Island.     Tejon  beds  are™ 
absent  in  California,  and  in  Washington  the  Piii^et  ]£P*oupl| 
underlies  them.    This  latter  group  is  non-marine  in  parts  and 
contains  coal  beds.     They  extend  from  near  Columbia  to 

the  Puget  Sound  region  and  are  several  thousand  feet  in 

thickness* 
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CENOZOIC  ERA 


TERTIARY  PERIOD 

68,  Clxroiioloiaryi— The  United  States  Geological  Survey 
has  divided  the  Cenozoic  era  id  to  three  periods,  Dana 
divides  it  into  two  ages;  namely,  the  Tertiary,  or  age  of 
mammals,  and  the  Quaternary,  or  age  of  man*  The  Tertiary 
system  was  divided  by  Lyell  into  three  periods,  which  were 
named  in  proportion  to  the  living  and  extinct  species  of 
shellfish  they  contained. 

The  term  Cenozoic  means  "recent  time"  in  the  geological 
sense;  the  lowest  subdivision  of  the  era  is  termed  Eocene, 
or  the  dawn  of  recent  life.  Either  no  species  whatever  or 
less  than  5  per  cent,  of  any  of  the  species  of  the  Eocene  has 
persisted  to  the  present. 

The  second  period ♦  termed  the  Miocene,  meaning  "less 
recent  Hie/'  contained  from  20  to  40  per  cent,  of  the  species 
living  at  present.  The  Pliocene  period^  meaning  '*more 
recent  life/'  contains  species  of  which  more  than  one-half 
are  now  living.  The  Miocene  and  Pliocene  are  united  under 
the  term  Neocene,  when  they  are  not  readily  separated,  the 
term  meaning  "new  and  recent,*'  The  United  States  Geo- 
logical Survey  follows  this  method  in  its  work,  and  to  com- 
plete the  Cenozoic  era  adds  the  Pleistocene,  meaning 
*'most  recent/*  For  the  Eocene  and  Neocene,  the  Atlantic, 
Gulf ^  and  Interior  areas  are  described  separately*  The  Tejon 
and  Puget  Sound  groups  have  already  been  mentioned;  but 
as  they  are  supposed  to  be  in  part  at  least  in  this  era  they 
are  repeated  here.  

ATLANTIC    AMD    GUI^F    EOCENK    SYSTEM 

69.  Midway  Epoch* — The  lowest  epoch  of  the  Atlantic 
and  Gulf  Eocene  system  is  termed  the  Midway  e|ioch,  and 
is  represented  by  the  calcareous  beds  near  Midway,  Alabama. 
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70-  Ijlgnltlc  Kpoch.— The  I^lenltlc  gTou|>  h  repre- 
sented by  the  lignite  beds  between  the  Mathews  Landing 
clays  and  the  Buhrstone  of  the  Lower  Claiborne  epoch. 

71*  Lower  Claiborne  Kpoch. — The  Lower  Claiborne 
epouh  includes  the  Biihrstone  of  Alabama^  Georgia,  and 
South  Carolina!  and  the  silicious  and  calcareous  Claiborne 

formalioti  of  Mississippi. 

72.     Claiborne  Kpoch. — The  Claiborne  epoch  is  the 

upper  part  of  rhe  Claiborne  of  Conrad ^  and  occurs  alon^^  the 
Alabama  and  Tombigbee  Rivers  in  Alabama* 

73»  JaoTcsoii  Epoch. — ^The  white  limestone  near  Jack- 
son, Mississippi,  represents,  according  to  Conrad*s  sabdi- 
vision,  the  Jackson  epoch. 

74.     Vlck»bui-«    Epoch. — The    VIcksburir    e|>och  is 

named  from  the  white  limestone  beds  of  Vicksburg,  Mis- 
sissippi. Correlative  with  the  Jackson  and  Vicksburg  epochs 
are  the  white  limestones  of  the  Ashley,  Cooper,  and  Santee 
River  beds* 
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LACUSTHINK    AREA    OF    EOCENB    SYSTSif 

75.  Ijower  Bocene. — In  the  interior  of  the  United 
States,  the  Eocene  period  is  represented  by  three  groups, 
which  are  in  turn  subdivided.  As  the  Arapabo  and  Denver 
groups  have  been  described,  they  will  not  be  repeated, 
although  they  are,  by  sonoe,  placed  as  the  lower  members 
of  the  Lower  Eocene, 

76.  Fnerco  Group. ^ — The  Puerco  fJCi*otip  of  rocks  is 

named  from  the  Puerco  River  in  New  Mexico.  These  rocks 
extend  into  Colorado  and  are  located  geologically  just  above 
the  Denver  group.  The  rocks  are  fine-grained  sandstones, 
shales,  and  limestones,  usually  soft  and  fragile.  ^^H 

77*  Wasatch  Group, — The  Wasatch  rocks  cover  part 
of  Utah,  Wyoming,  and  Colorado.  They  are  supposed  to  be 
correlative  with  the  Vermilion  sx*oup  of  King  and  the_ 
Bitter  Creek  gr^'oup  of  Powell. 
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78.  Middle  Eoeone.— The  Mnntl  beds  of  Cope,  which 
occur  in  Sevier  and  San  Pete  CoiintieSi  Utah^  are  similar  io 
character  and  fossils  to  those  of  the  Green  River  basin,  in 
Wyoming. 

79*  Amyzon  Beds. — The  Amyzoii  beds  are  difficult 
to  correlate  J  some  placing  them  between  the  Unita  and  the 
White  River  beds.  They  occur  in  Northeastern  Nevada,  in 
South  Park,  Colorado,  and  in  Central  Oregon.  The  Amyzon 
formations  are  largely  made  up  of  volcanic  tufa,  and  are 
famous  for  their  fossil  insects, 

80*     wind  Klver  Beds.— The  Wind  River  beds  are 

situated  to  the  north  of  the  Unita  Mountains,  in  Wyoming, 
and  consist  of  impure  limestones  and  thin  calcareous  shales* 
The  Green  Illver  beds,  which  are  very  nearly  if  not  the 
same  general  formation  as  the  Wind  River  beds,  are 
situated  mostly  in  Wyoming  and  cover  an  area  of  5,000 
square  miles*  Both  formations  have  a  thickness  of  about 
4,000  feet,  and  are  especially  noted  for  their  fossil  fishes 
and  insects.  These  beds  are  included,  by  King*  in  the  Bad 
Lands  of  the  Wasatch  Mountains. 


UPPER    EOCENK    SYSTEM 

81  >     Hiierfaiio     Group. — The     Huerfano     ifroup     of 

rocks  is  to  the  east  of  the  Front  Range  Mountains  in  Huer- 
fano and  Las  Animas  Counties,  Southern  Colorado. 

82.  The  Bridgrer  firroiip,  named  after  Fort  Bridger, 
Wyoming,  overlies  the  Wasatch  group,  north  of  the  Unita 
Mountains,  According  to  Marsh,  this  group  contains  the 
fossiliferous  remains  of  the  dinoceras,  the  skeleton  of  which 
is  represented  in  Fig.  36. 

83.  Uiitta  Beds,— The  Uulta  beds  are  to  the  south  of 
the  Unita  Mountains  in  Utah.  They  are  the  Tapir  beds 
of  Marsh,  and  include  the  Brown^s  Park  ^roup  of  PowelU 
The  Unita  basin  has  a  height  of  10,000  feet  above  sea  level* 
The  peculiarities  of  the  Eocene  period  are:  that  its  rocks 
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are   confined  mostly  to  the  summit  region  of  the  Rocky 
Mountains;  that  the  rocks  are  lacustrine,  or  formed  in  lakes: 


Pig.  M 

that  their  fossils  are  large  extinct  animals;  and  that  their 
leaves,  fishes,  and  insects  are  somewhat  related  to  species 
of  the  present  time. 

ATI.ANTIC    AND    GULF    AREA    OF    NEOCENE    SYSTEM 

84.  Cliattalioocliee  Epoch.  —  The  exposures  of  the 
Neocene  rocks  are  shown  along  the  Chattahooche  River  in 
Southwestern  Georgia  and  Northwestern  Florida.  They 
have  a  thickness  of  about  200  feet,  and  consist  of  clay,  marl, 
and  limestone.  Correlative  with  these  are  the  phosphatic 
oolite,  ferruginous  gravel,  and  green  clays  termed  the 
Hawthorn  beds  of  Central  Florida,  the  Tamim  lime- 
stone of  Southern  Florida,  and  the  Altamaha  grlta  of 
Georgia. 

85.  Chlpola  Ei)och. — The  beds  of  the  Chlpola  epoch 

are  named  from  an  exposure  on  the  Chipola  River  in  North- 
western Florida.  The  Chipola  sands  are  remarkable  for 
their  number  of  fossil  shells,  nearly  400  species  having  been 
found  in  a  bed  but  10  feet  thick. 
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86.  Yorktoi;¥ia  Epoch. — The  Yarktown  epoch  is  that 
called  the  Chesapeake  by  the  United  States  Geological 
Survey*  This  epoch,  which  derives  its  name  from  York- 
town,  Virginia,  lies  above  the  Chipola.     The  Ashley  marl 

bed  containing:  phosphate  nodules  probably  belongs  to  thi$ 
group.  Beds  considered  as  belonging  to  this  epoch  are 
found  in  Eastern  Maryland^  New  Jersey^  and  at  Martha*s 
Vineyard. 

87.  Floriann  Epoch* — The  beds  of  the  FlorUlan  epoch 
have  now  J  by  agreement,  been  termed  the  Lafayette  group. 
They  are  probably  a  formation  of  the  glacial  period,  con- 

Lfsi^^g  marine  deposits  and   phosphate    bone   deposits   of 
riOdmils  whose  skeleton  fossils  have  been  found  in  earlier 
rocks  p  as  well  as  those  found  in  later  rocks. 


IJICU8TB1KE    AREA9    OF    NEOCENE    SYSTEM 

88.  John  Iiuy  Beds. — The  beds  known  as  the  John 
Day  beds  were  deposited  in  a  great  water  body  called  Lake 
John  Day  which  existed  in  Tertiary  times  between  the  Cas- 
cade and  the  Rocky  Mountains,  or  that  area  now  drained  by 
'  tte  Columbia  River.  The  rocks  for  the  most  part  are  of 
\mconsolidated  sand  and  clay,  together  with  large  quantities 
of  volcanic  dust.  They  have  a  thickness  in  some  localities  of 
1,000  feeL 

89*  Columbia  Lava, — Just  below  the  John  Day  beds 
there  is  found  the  largest  igneous  overflow  known*  It 
covers  a  part  of  Washington,  Oregon^  California,  and  Idaho 
— an  area,  according  to  I.  C.  Russell,  of  200,000  square 
miles — and  has  an  average  depth  of  2,000  feet.  The  over- 
flow is  said  to  be  basalt,  and  is  termed  the  Columbia 
lava,  by  Russelh 

90.     Kittitas  Coal  Bede*— The  Kittitas  coal  beds  are 

found  in  a  series  of  sandstones  and  shales  below  the  Columbia 
lava,  and  rest  on  the  oldest  crystalline  rocks*  The  system 
is  well  exposed,  and  may  belong  to  the  same  group  as  the 
Laramie  or  Lignite  beds  to  the  east  and  south. 
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91.  White  River  Group. — The  White  River  group 

consists  of  variegated  clays,  together  with  sandstones  and 
conglomerates.  Above  these  are  sandstones  and  nodulous 
clays,  in  all  about  480  feet.  These  rocks  have  been  formed 
by  erosion,  and  are  termed  the  Bad  Lands  of  Dakota  and 
Colorado  in  the  White  River  basin. 

92.  Tlcholeptus  Beds. — The  Tlcholeptus  beds  out- 
crop on  Cottonwood  Creek,  in  Oregon.  They  are  also  found 
in  Western  Nebraska,  and  are  known  in  Montana  as  the 
Deep  Creek  beds  of  the  Deep  Creek  River  valley  near 
Helena.  The  beds  are  hard  cream-colored  clays  overlaid 
with  the  loose  beds  of  coarse  and  fine  material  of  the  Loup 
Fork  beds. 

93.  Loup  Fork  Group. — The  Loup  Fork  beds  extend 
from  the  Loup  Fork  of  Platte  River  in  Central  Nebraska 
southwards  interruptedly  to  Mexico,  occurring  in  New  Mexico 
on  the  Rio  Grande,  Gila,  and  San  Francisco  Rivers.  They 
contain  the  Philohippus  of  Marsh,  although  fossils  are  rare. 
These  beds  are  conformable  to  the  White  River  beds,  so 
that  it  is  difficult  to  tell  them  apart. 

The  Blanco  Cafioii  beds  of  clays  and  sands,  which  are 
about  150  feet  thick  on  the  Staked  Plains  of  Western  Texas, 
are  supposed  to  lie  above  the  Loup  Fork  beds  and  to  be  the 
most  recent  of  the  Neocene  period. 


QUATERNARY  PKRIOD 


PLEISTOCENE    SYSTEM 

94.  Divisions. — The  Pleistocene  system  is  divided 
into  two  epochs;  namely,  the  Glacial  and  the  Post-Glacial. 
The  Pleistocene  system  was  attended  with  changes  of  climate 
and  oscillations  on  the  earth's  crust,  so  that  great  sheets  of 
ice  came  from  the  north  and  overspread  the  northern  part  of 
North  America.  There  was  more  than  one  of  these  ice 
flows,  and  more  than  one  period  of  ice  melting  and  the 
formation  of  ice  rivers.     Some  geologists,  however,  think 
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that  the  continent  was  submerged,  and  that  the  ice  marks 
and  the  drift  left  all  over  the  northern  part  of  North  America 
are  due  to  icebergs  that  came  down  from  the  north*  Both 
theories  are  more  or  less  founded  on  facts,  for  icebergs  and 
glaciers  are  acting  in  the  same  way  today,  the  latter  bring- 
ing down,  from  the  high  mountains  where  they  are  formed, 
pieces  oi  rock»  and  depositing^  them,  thus  forming  drift 
deposits  of  terminal  moraine*  Icebergs  carry  their  detrius 
out  to  sea,  and  in  melting  deposit  it  to  form  baaks  such 
as  the  Newfoundland  Banks. 


GLACIAX.    EPOCHS 

95.  SubillTlsIons.— The  Glacial  epoch  is  divided  by 
the  United  States  Geological  Survey  into  three  glacial  epochs 
and  two  interglacial  epochs*  This  is  done  because  there  are 
evidences  that  three  glaciers  spread  over  the  land,  and  that 
deposits  of  alluvium  took  place  between  them, 

96.  First  Glacial  Ei>oeh.— The  limit  of  the  glacier  of 
the  First  epoch  Is  marked  by  the  moraine  left  especially 
along  its  eastern  part*  To  the  west  it  formed  what  has  been 
spoken  of  as  the  I^artiyette  bed8  and  orange  sands.  The 
extreme  limit  is  best  shown 
by  the  glacial  marks  left  on 
the  rocks.  Fig.  37  is  an 
illustration  of  a  rock  show- 
ing striations  due  to  glacial 
action. 

The  most  eastern  end  o£ 
the  glacier  of  this  epoch  is 
>und  at  Cape  Cod,  Massa- 
^cfiusetts,  and  from  its  mark-      _ 
ings  and  drift   it  is  traced  ^'^'  ^ 

into  Northeastern  Pennsylvania,  touching  the  southern 
border  of  New  York;  thence  southwest  through  Ohio  to 
the  Ohio  River;  thence,  crossing  the  Mississippi,  it  follows 
the  Missouri  River;  and  then  passes  into  and  through 
Montana  into   British    America.     Its   rocks   are    the   lower 
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till  of  the  interior  and  the  extra-moraine  drift  of  Penn- 
sylvania and  New  Jersey.  Part  of  the  loess,  yellow  loam, 
and  Port  Hudson  clays  of  Lower  Mississippi,  with  the  for- 
mation in  the  Eastern  United  States,  is  attributed  to  this 
epoch.  While  in  places  the  moraine  is  quite  thick,  it  is  not 
so  thick  as  that  of  later  epochs.  The  glacial  marks  that  are 
to  be  seen  in  the  Lackawanna  and  Wyoming  Valleys  of 
Pennsylvania  were  probably  formed  at  this  time. 

97.  First  Intergrlacial  Epocli. — After  reaching  its 
limit,  the  ice  sheet  probably  retreated  to  or  beyond  the 
Great  Lakes.  This  epoch  is  marked  by  the  buried  forests 
of  Iowa,  Illinois,  and  other  interior  states,  with  old  soils, 
nodules,  and  ferruginous  accumulations;  also  by  erosions 
toward  the  Atlantic  Coast.  The  Wyoming  Valley  of  North- 
eastern Pennsylvania  has  deep  alluvium  deposits  in  its  basin, 
which  probably  accumulated  at  this  time. 

98.  Second  Glacial  Epoch. — The  second  advance  of 
the  ice  sheet  is  marked  by  a  very  distinct  and  nearly  con- 
tinuous moraine.  In  the  eastern  part,  this  second  ice  sheet 
is  not  distinguishable  from  the  first,  but  in  Ohio  the  two 
moraines  divide.  The  second  moraine  is  in  a  series  of  loop- 
ing curves  about  the  Great  Lakes,  through  Iowa,  thence 
northwards,  through  North  Missouri  and  Dakota,  into  British 
America.  The  rocks  are  the  upper  till  of  the  interior,  with 
most  of  the  loess  of  the  Missouri  and  Mississippi  Rivers, 
and  the  older  glacial  deposits  toward  the  boundary  between 
the  United  States  and  Canada. 

99.  Second  Interprlaelal  Kpoch. — The  retreat  of  the 
second  glacier  was  slow,  as  is  shown  by  the  forest  beds, 
buried  soils,  and  alluvial  deposits.  The  epoch  is  principally 
represented  by  erosion. 

100.  Third  Glacial  Epocli.  — There  seems  to  have  been 
several  smaller  glacial  advances  and  retreats;  hence,  they  are 
placed  under  the  heading  of  the  Third  Glacial  Epoch.  The 
terminal  moraines  and  aqueo-glacial  deposits  of  the  Northern 
United  States  and  Canada,  as  well  as  of  the  Rocky  Mountains 
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and  the  Sierras,  were  supposed  to  have  been  laid  down  in 
this  epoch.  Probably  the  Bonneville  beds — which  were 
named  after  the  explorer  Bonneville »  who  visited  the  Great 
Salt  Lake  basin  of  Utah — belong  to  this  period*  These  lake 
beds  appear  as  a  very  perfect  series  of  beaches  on  the  adja- 
cent mountain  slopes.  A  similar  lake,  though  sm alter ,  that 
once  occupied  the  low  grounds  of  Nevada  is  known  as  Lake 
Lationtan,  The  deposits  of  this  period,  when  not  sand, 
were  traventine  marble,  somewhat  concretionary  in  structure 
and  unlike  the  even- grained  stracture  of  ordinary  marble. 
Lake  Mono  in  the  Great  Basin  probably  belongs »  at  least  in 
part,  to  this  epoch,  

FOST-GliACIAC    PERlOn 

101.     Chaniplalti  or  Ice-Meltin(f  E|>och. — During  the 

meUing  of  the  glaciers  there  was  probably  a  sinking  of  the 
land;  at  least,  all  indications — such  as  old  sea  and  lake  mar- 
gins, old  river  terraces,  and  old  flood-plain  deposits — point 
to  such  depressions.  The  inland  beaches  and  deposits  of  the 
interior  containing  Leda  nilnuta  fossils  were  called  by 
Dawson  Leda  clays;  they  are  found  in  various  parts  of  the 
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continent,  as  are  also  the  Baxleava  sands,  with  various 
marine  and  lake  beaches  and  deposits  in  Canada.  Above 
these  deposits  are  high  alluvial  plains  and  second  bottoms  in 
the  North,  with  mud  flats  and  clay  deposits  in  the  West- 
Marine  and  lake  clays  in  the  Hudson  River,  Champlain,  and 
New  England  Valleys  are  also  correlated  with  this  epoch. 
The  sands,  gravels,  and  clays  in  the  Champlain  Valley  are 
quite  conspicuous,  and  give  to  this  epoch  its  name* 

102,     Terrace  Epoch- — As  the  ice  retreated,  the  surface 
waters  resumed  their  work,  and  many  preglacial  valleys  were 
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filled.  As  the  waters  continued  to  subside,  terraces  sAong 
river  valleys  were  formed,  as  well  as  along  lakes  and  sea- 
shores in  higher  latitudes.  Fig.  38  shows  the  terraces 
a  and  d  similar  to  those  along  the  Connecticut  River  in  New 
Hampshire,  and  presumably  made  during  this  period. 


PSYCHOZOIC  ERA 


RECKNT  PERIOD 

103.  Rocks  of  Recent  Formations. — The  formations 
of  the  Psychozoic  era  are  such  as  are  now  in  progress  of 
development  over  the  land,  along  sea  borders,  or  in  the 
seas.  They  are:  (1)  of  mechanical  origin,  such  as  are 
developed  by  seas,  rivers,  winds,  glaciers,  etc.;  (2)  of  chem- 
ical origin,  such  as  stalactites,  stalagmites,  hot  springs,  iron 
ore,  etc.;  (3)  of  organic  origin,  such  as  shell  limestones, 
coral  reefs,  sponges,  peat-bog  deposits,  etc.;  and  (4)  of 
igneous  origin,  such  as  volcanic  eruptions,  igneous  injec- 
tions, etc.  The  formations  enumerated  are  not  always  dis- 
tinguishable from  the  Champlain  epoch,  but  the  remains  of 
mammals,  and  especially  the  relics  of  man  when  present, 
afford  assistance  to  their  correlation. 

104,  Brute  Mammals. — The  mammals  of  the  British 
Isles  and  Europe  were  of  great  size,  and  consisted  of  the 
mammoth,  bear,  rhinoceros,  hippopotamus,  deer,  cave  lion, 
cave  bear,  horse,  hare,  etc.  The  flesh-eating  animals  in 
America  were  not  so  numerous  as  in  Europe,  but  were  of 
large  size.  The  mammals  of  North  America  were  as  large 
as  the  European,  the  mastodon  in  particular  attaining  a 
great  size.  The  remains  of  this  now  extinct  animal  have 
been  found  pretty  generally  from  Nova  Scotia  to  Texas. 
The  horse  and  other  animals  whose  remains  are  found  were 
of  larger  size  than  their  kind  of  the  present  time.  From  the 
size  and  character  of  the  fossil  remains  of  the  animals,  it 
appears  evident  that  the  climate  ranged  from  the  warm 
temperate  to  an  extreme  cold  temperature.  From  the  fact 
that,  at  the  present  time  in  Siberia,  mammoths  are  found 
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frozen  in  the  ice,  it  is  presumed  that  the  chang^es  from  tem- 
perate to  extreme  cold  were  very  sudden — a  supposition  that 
is  further  borne  out  by  many  of  the  animals  having  long  hain 

105*  HuDiaii  Relics. — Among  the  relics  of  prehistoric 
men  found  buried  are  human  bones,  stone  arrowheads,  lance 
beads,  hatchets,  and  pestles;  also  arrowheads,  harpoon  heads, 
and  other  implements  made  of  horn  or  bone  from  reindeer  or 
other  animals.  There  have  been  found  bored  teeth,  bones, 
and  shells;  cut  wood»  bone,  ivory,  or  stone  with  rude  carvings 
on  them  suggesting  animals,  and  fragments  of  charcoal  and 
pottery — all  of  which  may  be  termed  relics  of  the  stone  age. 

In  later  deposits,  bronze  implements  occur,  then  iron,  and 
with  the  latter  coins,  inscribed  tables  of  stone,  etc.;  which 
have  been  buried  in  such  cities  as  Nineveh  and  Pompeii* 
Civilization  in  the  past,  as  in  the  present,  depended  on  the 
natural  resources  of  a  country  and  the  ability  of  the  people 
of  that  country  to  make  them  useful.  Those  whose  intelli- 
gence permitted  them  to  make  use  of  their  natural  resources 
overcame  the  less  civilized  nations,  as  they  do  today.  At 
the  present  time,  the  civilization  of  a  country  depends  on 
its  mineral  resources  of  coal,  iron,  and  copper,  and  the 
ability  of  its  people  to  work  the  metallic  products  into  tools 
and  implements,  which  not  only  add  to  the  wealth  of  their 
own  country  but  also  to  those  of  other  countries.  Geology 
is  but  one  branch  of  the  great  civilizing  industry  of  mining 
and  metallurgy*  on  which  all  other  industries  depend. 

106,  Antiquity  of  Mau,^Archeolo gists  have  divided 
the  history  of  human  civilization  into  three  ages,  which  have 
been  termed  the  stoue  ai^e,  the  bronsee  age,  and  the  Iron 
a^e.  The  stone  age  was  divided  into  the  old  stone  age 
and  the  new^er  stone  ag^e,  from  the  fact  that  in  the  old 
stone  age  only  chipped-stone  implements  were  used,  while 
In  the  latter  polished-stone  implements  were  used.  Still 
closer  study  has  resulted  in  some  considering  that  the  stone 
age  was  contemporaneous  with  the  mammoth  and  later  on 
with  the  reindeer.  The  Mammoth  age  is  supposed  to  be 
correlative  with  the  Champlain  epoch,  but  perhaps  with  the 
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intergflacial;  while  the  Reindeer  age  is  supposed  to  be  still 
later,  corresponding  with  the  Second  Glacial  epoch.  This 
carries  man  back  to  the  Champlain  epoch.  Further  back 
than  this  no  reliable  evidences  of  man's  existence  on  the 
earth  are  to  be  found. 

107.  Mammoth.  Agre. — In  the  terraces  of  the  river 
Somme,  chipped-fiint  implements  associated  with  bones  of 
the  mammoth,  rhinoceros,  hippopotamus,  hyena,  horse,  etc. 
are  found.  These  fossils  were  in  unstratified  gravels  beneath 
the  river  loam  20  to  30  feet.  Supposing  that  the  upper 
loam  represents  the  full  Champlain  flood  deposits,  then  that 
underneath  would  represent  the  earlier  Champlain  epoch. 
In  the  caves  of  Belgium  and  in  Germany,  hum^n  bones  have 
been  found  associated  with  extinct  animals.  In  a  cave  at 
Neanderthal,  near  Diisseldorf,  Prussia,  a  very  remarkable 
human  skeleton  was  found.  The  limb  bones  are  large  and 
the  protuberances  for  muscular  attachments  were  very  prom- 
inent; the  skull  was  quite  thick,  very  low  in  the  arch,  and 
very  prominent  in  the  brow.  This  has  been  supposed  by 
some  to  be  an  intermediate  form  between  man  and  the  ape; 
according,  however,  to  the  best  authorities,  it  is  in  no  respect 
intermediate  but  truly  human. 

Recently,  there  have  been  found  in  a  cave  at  Spy,  Belgium, 
two  nearly  complete  skeletons,  which  seem  to  be  of  the 
same  type  as  the  Diisseldorf  skeleton,  and  hence  are  supposed 
to  belong  to  a  distinct  and  very  early  race.  Several  years 
ago,  an  almost  perfect  skeleton  was  found  in  a  cave  at 
Mentone,  near  Nice.  It  is  that  of  a  tall  well-formed  man 
with  more  than  the  average-sized  skull.  The  antiquity  of 
this  man  is  undoubted,  for  his  bones  are  associated  with 
those  of  the  cave  lion,  cave  bear,  rhinoceros,  and  reindeer, 
together  with  living  species.  The  bones  of  the  skeleton 
were  all  in  place,  and  were  surrounded  with  flint  implements. 

108.  Ilelndeer  A|?e. — During  the  Reindeer  age  man 
was  associated  with  animals,  especially  the  reindeer.  The 
implements  he  used  were  well  chipped  and  were  much  more 
neatly  made.     A  sepulchral  cave  accidently  discovered  by 
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a  French  peasant  was  found  to  contain  seven  teen  human 
skeletons  of  both  sexes  and  of  all  sizes,  associated  with  the 
entu-6  bones  of  extinct  animals  and  with  works  of  art.  Out- 
side the  cave  was  found  a  deposit  consisting  of  ashes  and 
cinders  mingled  with  burned  and  split  bones  of  recent  and 
extmct  animals  and  with  works  of  art.  Among  these 
animals  were  the  carniverous  and  the  herbiferous*  the 
latter  including  the  mammoth,  rhinoceros,  horse,  Irish 
elk,  and  reindeer.  From  this  it  is  evident  that,  in  Europe 
at  least,  the  earliest  man  was  contemporaneous  with  a  largfe 
number  of  extinct  animals. 

Several  cases  are  reported  of  human  bones  and  works  of 
art  having  been  found  in  the  sublava  drift  of  Double  Moun- 
tain, Colorado*  One  specimen  termed  the  Calveras  skull 
and  mentioned  by  Whitney  was  afterwards  declared  to  be  a 
hoax*  From  time  to  time,  skeletons  are  found  that  are  not 
classified;  but  it  is  evident  that  the  first  appearance  of  man 
in  America  seems  to  have  been  at  about  the  same  time  as 
his  appearance  in  Europe.  On  the  Pacific  Coast,  his  imple- 
tnents  were  found  in  great  abundance  in  river  g^ravels 
associated  with  the  remains  of  the  mammoth,  the  great 
mastodon,  and  t]m  horse.  The  history  of  the  American  man 
can  be  traced  onwards  in  refuse  heaps  and  shell  mounds,  and 
in  the  great  mounds  of  the  so-called  mound  builders,  which 
are  scattered  over  the  eastern  part  of  the  continent,  but 
are  especially  abundant  in  the  valley  of  the  Mississippi- 
There  are  also  relics  of  a  class  of  people,  now  extinct^  pre- 
served in  the  cliff  dwellings  and  buried  cities  of  New  Mexico 
and  Arizona,  Scientists  have  been  endeavoring  from  time 
to  time  to  connect  the  genealogy  of  man  with  the  lower 
animals;  but,  although  they  have  searched  diligently,  they 
have  so  far  failed  to  find  the  missing  link.  There  is  no 
doubt,  however,  that  very  great  changes  both  in  the  struc- 
ture of  the  earth  and  in  the  animals  inhabiting  it  have  taken 
place  since  man  appeared*  The  bronze  and  the  iron  ages 
are  those  of  history.  Recently,  there  has  been  found  in  the 
Lake  Superior  copper  regions,  tools  made  of  copper  that 
are  supposed  to  belong  to  some  extinct  race. 


PROSPECTING 

(PART  1) 


QUALIFICATIONS  FOR  PROSPECTING 


INTRODUCTION 

!•  Prospecting  is  seeking  for  indications  that  denote 
the  presence  of  minerals.  The  term  suggests  that  a  knowl- 
edge of  the  minerals  sought  is  an  essential  qualification,  in 
order  that  they  may  be  recognized  when  found.  The  con- 
ditions of  the  minerals*  formation  and  the  kinds  of  rock 
in  which  it  usually  occurs  should  also  be  understood  by 
the  prospector.  Prospecting  involves  labor;  for,  after  a 
mineral  is  found,  it  must  be  sufficiently  developed  to 
determine  whether  it  is  valuable  enough  to  warrant  the 
expense  of  mining  it.  Besides  the  work  of  digging  and 
drilling,  the  prospector  is  usually  compelled  to  do  his  own 
blacksmithing  and  cooking.  In  short,  while  prospecting  is 
generally  a  very  healthful  occupation  and  allows,  at  times, 
of  hunting  and  fishing,  at  the  best,  it  is  hard  work,  for  which 
reason  many  of  those  who  engage  in  it  are  strong  men 
inured  to  hardship. 

One  of  the  chief  requisites  to  success  in  prospecting  is 
good  eyesight,  so  that  any  unusual  condition  or  change  in 
the  ground  will  be  instantly  noted.  This  faculty  of  obser- 
vation is  largely  a  matter  of  habit;  a  skilled  prospector  has 
his  eye  so  trained  by  experience  that,  in  passing  over  the 
ground,  anything  unusual,  no  matter  how  slight,  is  sufficient 
to  make  him  stop  and  investigate. 
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2.  The  Element  of  Cliance  In  Prospecting:. — Chance 
undoubtedly  enters  largely  into  prospecting;  for  many  cases 
could  be  cited  of  men  ignorant  of  ore  deposits  finding 
paying  properties,  while  men  thoroughly  understanding  the 
ores  of  similar  metals  have  been  unable  to  locate  them. 
As  a  general  rule,  however,  the  man  who  is  familiar 
with  metalliferous  ores  will  be  most  successful  in  the  search 
for  them.  When  a  prospector,  through  a  lucky  chance, 
strikes  a  body  of  ore  that  is  rich  in  immediate  returns,  he 
achieves  a  sudden  notoriety;  while  the  finding  of  an  equally 
valuable  ore  body  that  is  not  so  promising  in  quick  results  is 
frequently  treated  as  of  little  consequence.  Bonanzas  are 
not  plentiful  enough  to  go  round;  what  prospectors  usually 
find  are  mostly  low-grade  ores,  which  require  considerable 
development  to  prove  their  value  and  justify  the  expenditure 
of  much  labor  and  time  on  them.  As  low-grade  ores  are  not 
easily  detected,  it  is  all  the  more  important  that  the  pros- 
pectof  have  an  educational  equipment  for  his  business— 
especially  as  the  number  of  prospectors  in  the  field  is  large. 

3.  Prejudiced  Prospectors. — While  miners  are,  from 
the  nature  of  their  work,  particularly  well  seasoned  for  pros- 
pecting, as  a  rule  they  lack  sufficient  knowledge  of  minerals 
and  geology.  They  may  be  well  acquainted  with  the  rocks 
surrounding  the  mines  in  which  they  have  worked,  and 
arguing  from  this  standpoint  they  start  out  on  a  prospecting 
trip.  If,  for  example,  they  have  worked  in  a  silver-lead 
mine,  they  will  hunt  for  rocks  similar  to  those  with  which 
they  are  familiar,  and  probably  pass  over  ground  that  is  rich 
in  gold  or  some  other  valuable  mineral.  On  the  other  hand, 
the  gold  miner  may  pass  over  silver  or  gold  ore  different  from 
that  which  he  has  been  accustomed  to  mine.  The  placer 
miner  may  pass  over  minerals  of  value,  and  hunt  for  the 
mother  lode,  expecting  to  find  in  that  lode  nuggets  of  gold 
similar  to  those  found  in  the  placer,  when  as  a  matter  of  fact 
such  has  never  proved  to  be  the  case.  Mining  occupies  an 
anomalous  position,  for,  while  it  is  one  of  the  best  of  pre- 
liminary educations  for  prospecting,  it  is  also  one  of  the 
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worst,  if  the  miner  is  in  any  way  stubborn  or  notional,  or 
thinks  he  knows  it  all.  Men  who  are  free  from  prejudice  and 
not  always  ready  to  jump  at  conclusions  will  probably  make 
the  best  prospectors,  provided  they  are  properly  equipped 
otherwise.  There  are  many  men  prospecting  who  are  abso- 
lutely unfitted  for  the  work.  Some  cannot  tell  gold  when 
they  see  it;  others  think  they  have  found  mineral  every  time 
the  color  of  a  rock  changes;  in  fact,  the  majority  of  pros- 
pectors are  pot  hunters,  expending  their  energies  on  useless 
work,  in  places  where  mineral  in  paying  quantities  could 
not  exist.  Mineral  fiends  that  expend  their  time  looking  for 
minerals  that  they  could  not  recognize  if  found,  are  in  every 
locality.  Men  of  this  description  always  imagine  that  they 
have  an  abundance  of  valuable  minerals,  which  on  investiga- 
tion prove  to  be  worthless,  or  in  quantities  insufficient  for 
mining  purposes;  and,  in  case  they  do  stumble  on  a  valuable 
propositfon,  they  are  unable  to  handle  it  to  their  advantage. 

4.  The  Study  of  Ore  Deposits. — A  good  plan  for  pros- 
pectors to  adopt  is  to  go  from  place  to  place  where  minerals 
are  known  to  exist,  and  in  that  way  become  accustomed  to 
geological  conditions  and  mineral  formations.  However, 
before  one  can  properly  prospect,  he  must  possess  a  general 
knowledge  of  useful  minerals  and  their  geology.  The  other 
qualifications  that  a  prospector  should  have  are  perseverance 
and  the  physical  ability  to  withstand  sudden  changes  of 
weather,  and  fatigue,  although  many  sick  men  have  been 
made  well  by  the  outdoor  air  and  rough  living. 

In  selecting  a  district  for  prospecting,  the  geology  of  the 
region  should  first  be  studied.  No  attention  should  be  paid 
to  the  fact  that  others  have  left  prospect  holes,  for  earlier 
prospectors  often  overlooked  various  good  fields  in  search- 
ing for  particular  metals;  for  instance,  Cripple  Creek  was 
passed  by  in  making  a  search  for  silver,  and  the'  Comstock 
lode  in  Nevada  was  ignored  in  searching  for  gold.  After 
getting  a  general  idea  of  the  character  of  the  rocks  under 
examination,  the  trained  prospector  can  tell  what  minerals 
are  likely  to  be  found  in  them. 
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PROSPECTOR'S  OUTFIT 

5.  The  outfit  for  a  prospector  depends  on  the  nearness 
of  the  prospected  ground  to  mining:  camps  or  boarding 
places  and  on  the  mineral  for  which  he  is  searching.  If 
prospecting  is  to  be  carried  on  in  the  mountains  away  from 
habitations,  it  is  best  for  two  prospectors  to  join  forces,  as 
that  makes  work  easier,  and  the  combined  judgment  of  two 
men  is  often  better  than  that  of  one:  moreover,  two  men 
can  cover  twice  as  much  ground  in  the  same  time,  and^do 
more  than  twice  as  much  work.  The  first  part  of  a  pros- 
pector's outfit,  then,  is  a  suitable  partner.  Of  course,  if  a 
man  is  prospecting  for  magnetic-iron  ore,  copper  ore,  coal, 
or  other  useful  mineral,  he  does  not  need  a  gold-miner's 
outfit,  and  his  equipment  should  be  reduced  to  the  absolute 
necessities  for  properly  carrying  on  his  work. 

6.  Assay  Outfit. — If  the  prospector  intends  to  test  his 
minerals,  he  should  carry  a  blowpipe  outfit,  especially  in  the 
case  of  copper,  gold,  and  silver;  but  it  is  not  advisable  to 
carry  an  assayer's  outfit  unless  the  prospecting  party  is  large 
or  assay  offices  cannot  be  reached  within  a  reasonable  time. 
Unless  animals  are  used  for  transportation,  it  is  hardly  possi- 
ble to  carry,  in  addition  to  tools,  a  supply  of  provisions  that 
will  last  more  than  a  month  at  a  time;  hence,  there  must  be 
a  base  of  supplies,  which,  as  it  is  usually  the  nearest  town, 
will  in  all  probability  afford  one  an  opportunity  to  get  in 
touch  with  an  assayer.  Should,  however,  other  conditions 
prevail,  a  portable  assayer's  outfit  may  be  deemed  desirable. 

If  the  prospector  is  looking  for  placer  deposits  only,  ham- 
mers and  drills  will  not  be  necessary;  in  all  other  cases,  they 
will  probably  be  found  useful. 

7.  Prospector's  Tools. — The  tools  that  should  form  a 
part  of  the  metal  prospector's  outfit  are:  a  pick;  a  long- 
handled,  round-pointed  shovel;  a  geologist's  pick;  a  short- 
handled  hand  hammer — unless  two  are  in  the  party,  when  a 
long-handled  striking  hammer  will  answer  for  both — three 
drills  of  assorted  lengths;  a  scraper  for  cleaning  out  drill 
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holes;  a  few  pounds  of  rack-a-rock,  or  dynamite;  two  rolls 
of  double-tape^  waterproof  fuse;  and  a  box  of  detonators, 
A  pole  pickj  Fig,  1,  is  better  for  prospecting  among  rocks  than 
the  ordinary  two-pointed  railroad  picki  such  as  placer  miners 
would  require,  since,  in  the  hands  of  an  experienced  man,  it 
may  be  used  on  gravel,  as  a  sledge  for  cracking  rocks,  and 
as  a  bar,  while  the  two- 
ended  picks  are  heavier  and 
cannot  be  used  for  so  many 
purposes.  In  addition,  the 
prospector  should  have  a 
gold  pan,  a  horn  spoon* 
1  pound  of  mercury,  several 
clay  pipes,  and  a  small  ax. 
The  mercury  should  be  car- 
ried in  an  iron  or  horn 
bottle,  as  glass  is  too  easily 
broken. 
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8*     Prospector's    Nee- 
essarles,— The  prospector  o 

should    provide    himself  UK 

with    two    heavy    woolen  a 

blankets,  a  rubber  sheet, 
a  pair  of  heavy  boots,  two  flannel  top  iihirts,  and  a  change  of 
underclothing.  As  serviceability  in  clothes  is  a  prime  con- 
sideration, corduroy  is  a  good  materia!  for  trousers.  A  pair 
of  brown-duck  or  khaki  overalls  and  a  jumper  of  similar 
material  will  be  found  serviceable,  as  they  shed  water  and 
will  be  foimd  cooler  to  work  in  than  ordinary  clothes.  The 
prospector  should  be  provided  with  a  shotgun  or  rifle  and 
ammunition,  as  well  as  with  some  fishing  tackle.  There  are 
occasions  when  a  gun  is  very  handy  to  drive  off  wild  animals; 
besides,  it  will  furnish  game  food, 

9#  Transportatloii  of  the  Outfit* — Whenever  it  is 
convenient,  a  burro  or  cayuse  should  accompany  the  party, 
unless  the  country  is  so  devoid  of  vegetation  that  the  animal 
cannot  find  food;  ordinarily,  however,  the  prospector  knowing 
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little  of  the  vegetation  to  be  found  must  trust  to  the  country. 
The  pack  bags  containing  the  equipment  and  provisions 
should  be  placed  on  the  saddle  and  securely  tied.  To  pack 
an  outfit  properly  and  keep  it  on  the  animal  is  quite  a  trick, 
and  one  that  the  new  prospector  should  practice  under  the 
tutorage  of  an  experienced  packer. 

.  The  prospector's  temporary  camp  should  be  fixed  in  some 
suitable  location  where  he  can  obtain  water  and  food  for  his 
animal,  and  return  to  this  camp  nightly.  The  cache,  or 
hunky  hole,  of  the  prospector  should  be  located  close  to 
the  camp,  and  should  be  carefully  planned  and  protected. 
If  this  matter  is  neglected,  the  prospector  may  find  himself 
despoiled  by  marauders  and  be  forced  to  cut  his  trip  short  or 
go  hungry. 

10.  Food  Economy. — As  the  prospector  is  usually  com- 
pelled to  do  his  own  cooking,  he  should  learn  how  to  brew 
coffee,  and  to  fry  and  stew.  The  art  of  making  pancakes 
from  flour  and  left-over  com  and  beans  is  a  highly  desirable 
accomplishment.  A  prospector  may,  of  course,  buy  almost 
his  entire  food  supply  ready  cooked;  if,  however,  he  carries 
bacon,  beans,  coffee,  pepper,  salt,  baking  powder,  and  flour, 
he  should,  with  what  game  and  fish  he  may  secure,  get  along 
fairly  well.  If  canned  food  is  taken  along,  and  some  should 
be,  it  is  well  to  bear  in  mind  that  a  can  opener  is  a  utensil  that 
is  absolutely  indispensable,  as  any  person  that  has  attempted 
to  open  a  can  without  one  can  readily  testify.  A  frying  pan, 
a  coffee  pot,  a  tin  cup,  a  fork,  a  knife,  a  spoon,  matches,  and 
a  tin  pail  are  all  articles  that  are  more  or  less  necessary  to 
man's  comfort  in  the  field. 

!!•  The  Prospector's  Opportunities. — The  usual 
idea  of  confining  one's  search  to  a  particular  metal  or 
mineral  is  proper  enough  in  the  main;  but,  if  large  quan- 
tities of  a  useful  mineral  are  observed  during  the  hunt, 
they  should  at  least  be  marked  for  future  reference.  In 
their  search  for  gold,  prospectors  have  very  often  passed 
over  minerals  that  would  pay  them  better;  hence,  as  a 
knowledge  of   minerals   is   desirable,   it  would  be   a   good 
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idea  to  include  a  pocket  mineralogy  in  the  outfit j  for  rec- 
reation and  practice,  especially  if  a  blowpipe  is  in  the  outfit* 
A  small  pocket  compassi  Fig*  2,  with  a  clinometer  attach- 
ment for  finding  the 
dip  of  the  deposit, 
and  a  smalJ  aneroid 
barometer,  Fig.  3,  for 
giving  heights  will  be 
found  useful.  With 
a  compass^  the  pros- 
pector can  also  find 
his  way  about  and 
relocate  his  find  after 
leaving  it  for  a  time* 
Sketches  and  notes 
of  the  various  geo- 
logical peculiarities  and  the  character  of  the  ground  should 
be  made  rather  than  entrusted  to  the  memory.  Such  notes 
may  prevent  one*s  find  being  jumped  during  his  absence,  for 
courts  generally  recognize  the  usefulness  of  written  descrip- 
tionSf  while  verbal  reports  are  not  so  impressive. 

12.  Aneroid  Barometer- — The  density  of  the  air 
varies  with  the  altitude;  that  is,  a  cubic  foot  of  air  at  an 
elevation  of  5,000  feet  above  the  mean  sea  level  will  not 
weigh  as  much  as  a  cubic  foot  at  sea  level.  Scientists  have 
taken  advantage  of  this  phenomenon  to  measure  elevations, 
by  converting  the  changes  in  density  of  the  atmosphere  into 
mechanical  movement,  as  evidenced  by  the  aneroid 
barometer  shown  in  Fig.  3.  These  instruments  are 
made  in  sizes  varying  from  that  of  a  watch  up  to  a  6-inch 
face»  They  consist  of  a  metal  cylindrical  box,  with  a  thin, 
elastic,  corrugated-metal  top,  from  which  the  air  has  been 
removed,  so  that,  when  the  atmospheric  pressure  increases, 
the  top  is  pressed  inwards,  and  when  it  diminishes,  the  top 
expands  by  its  own  elasticity,  aided  by  a  spring  beneath* 
These  movements  of  the  cover  are  transmitted  and  multi- 
plied by  a  combination  of  delicate  levers  that  act  on  an 
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index  hand  and  cause  it  to  move,  either  to  the  riirht  or  left, 
over  a  graduated  scale*  Aneroid  barometers  are  made  self- 
correcting    (compensated)    for   variations    in    temperature. 


N 


Some  are  so  sensitive  that  they  are  said  to  show  a  difference 
in  the  atmospheric  pressure  when  transferred  from  the  table 
to  the  floor*  The  mercurial  barometer  is  the  standard  for 
comparison*  At  the  level  of  the  sea,  the  height  of  the 
mercurial  column  is  about  30  inches;  at  oOO  feet  above  the 
sea,  it  is  29.46  inches;  at  1,000  feet  above  the  sea»  it  is 
28.9  inches;  at  15,000  feel,  it  is  17,47  inches;  at  3  miles  it 
is  16,4  inches;  and  at  6  miles  above  the  sea  level  It  is 
8.9  inches, 

13,     Two  Clfisses   of   Mineral    Deposit s>^ — There  are 

two  classes  of  mineral  deposits,  the  Imse  and  the  sniid.  \n  i 
new  countr^r,  either  class  is  worthy  of  examination,  but  it 
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should  be  thorough  and  not  casual.  One  will  often  hear  in 
a  mining  country  that  a  prospector  that  knows  much  about 
prospecting  and  minerals  walked  over  a  certain  place  time 
and  again  where  another  prospector  not  so  learned  has 
found  rich  mineral.  Thus,  one  is  told  of  men  who  walked 
daily  over  the  rich  Wilson  lode  in  Idaho,  afterwards  known 
as  the  De  Lamar  mine,  and  of  the  miners  who,  when  looking 
for  the  Comstock  vein,  threw  away  the  black-looking  stuff  that 
formed  the  vein,  until  another  man,  wondering  what  the 
stuff  was,  had  it  assayed  and  found  it  very  rich  ore  worth 
$3,000  a  ton  in  silver  and  $186  in  gold.  The  rich  iron 
mines  in  Minnesota  were  discovered  by  ore  clinging  to  the 
roots  of  overturned  trees,  while  discoveries  of  coal  and 
silver  have  been  made  in  a  similar  manner.  Many  rich 
deposits  of  mineral  have  been  discovered  by  making  cuts 
for  railroads  and  wagon  roads.  Gold  and  silver  have  been 
discovered  where  miners  have  made  their  camp  fires. 
Whenever  a  prospector  sees  a  specimen  of  mineral,  the 
locality  from  which  it  came  should  be  learned,  if  possible, 
as  that  may  \^e  made  a  field  for  exploration.  The  prospector 
must  have  an  **eagle  eye*'  and  a  **rabblt*s  ear,*'  as  well  as  a 
faculty  for  reasoning;  since,  if  a  mineral  of  value  is  found  in 
one  formation,  it  is  likely  to  be  found  in  a  similar  formation 
in  some  other  locality. 

14.  Vein  Changes. — From  what  has  already  been  said, 
it  will  be  understood  by  the  prospector  that  he  should  not 
be  too  secretive  concerning  indications  that  may  lead  to  a 
find;  if  he  is,  some  other  prospector  may  serve  him  in  like 
manner,  and  make  him  the  loser  in  the  end.  In  prospecting, 
if  the  strike  of  the  vein  changes,  the  value  of  the  mineral 
is  likely  to  change.  This  phenomenon  should  be  clearly 
understood,  as  well  as  that,  where  veins  cross  one  another, 
the  mineral  will  generally  be  richer,  and  that  the  cross-vein 
will  usually  contain  a  different  kind  of  mineral  or  matrix. 
While  the  mineral  is  likely  to  be  low  grade  in  the  case 
of  wide  veins,  yet  it  does  not  always  follow,  and  should 
moreover   not   be    considered   a  drawback,   for  low-grade 
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mineral  deposits  are  in  general  much  more  lasting  than  bon- 
anzas. As  illustrations  of  low-grade  deposits  of  value  may 
be  mentioned  the  Homestake  mine  of  South  Dakota,  the 
Treadwell  mine  on  Douglas  Island,  Alaska,  and  the  Wit- 
watersrand  of  South  Africa,  since  they  are  probably  the 
largest  producers  of  that  class  of  gold  mines;  but  the  mines 
of  Gilpin  County,  Colorado,  are  examples  of  another  kind  of 
persistent  low-grade  deposits  that  are  still  producers,  while 
richer  mines  have  ceased  to  yield.  One  may  lay  it  down  as 
a  fairly  good  rule  that  wide,  long  veins  will  extend  to  a 
greater  depth,  be  more  persistent  in  yielding,  and  in  the 
long  run,  be  more  satisfactory  to  work,  than  narrow,  short 
veins.  Since,  however,  wide  veins  will  be  richer  in  one 
place  than  in  another,  several  openings  should  be  made 
before  finally  locating  a  claim. 


PROSPECTING  ALLUVIAL  DEPOSITS 


PRELIMINARY  CONSIDERATIONS 
15.  Placer  Deposits. — Alluvial  deposits  may  contain 
metals,  in  their  native  state,  oxides  of  tin  or  tungsten,  and 
valuable  sands  and  precious  stones,  either  as  placer  or  as 
river-bottom  deposits.  The  term  placer  belongs  properly  to 
gold-gravel  deposits;  but  it  is  here  widened  to  take  in  gravel 
deposits  containing  valuable  minerals  of  any  description. 
River  bottoms  and  beaches  are  also  included  in  alluvial 
deposits;  but  the  method  of  prospecting  them  is  decidedly 
different  from  that  of  placers.  In  Arizona,  New  Mexico, 
Southern  California,  and  Australia,  there  are  said  to  be  large 
areas  of  land  that  contain  gold-bearing  gravels  termed  dry 
placers,  because  there  is  no  water  to  work  them.  Unless  the 
ground  should  prove  very  rich,  such  deposits  are  not  worth 
extended  prospecting,  since  to  obtain  good  results  the  miner 
must  ordinarily  have  water  to  wash  the  gravels.  If  the 
ground  seems  to  be  in  the  bed  of  a  dry  river,  it  may  "be  that 
water  will  be  found  in  considerable  abundance  a  few  feet 
below  the  surface;  for  which  reason,  if  rich  mineral  is  found 
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in  quantitias,  a  test  hole  for  water  should  be  sunk  before 
abandoning  the  prospect. 


16*     Prospecting  for  Placers. — Placers  are  deposits 

resulting  from  the  decomposiEion  and  erosion  of  metal-bear- 
ing rocks  and  the  concentration  of  the  metallic  frag:ments  in 
beds,  where  they  have  been  carried  and  deposited  by  water  and 
glaciers.  The  principal  minerals  found  in  placer  deposits 
are  gold*  platinum,  and  the  associated  platinum  metals — 
oxide  of  tin,  oxide  of  tungsten,  monazite  sands,  and  precious 
stones*  These  are  of  sufficient  specific  gravity,  with  possibly 
the  exception  of  precious  stones,  to  become  concentrated  by 
the  action  of  water,  and  at  the  same  time  all  are  sufficiently 
insoluble  to  resist  ordinary  chemical  solutions.  As  rocks 
are  worn  away,  the  liberated  metals  are  carried  down  the 
mountain  sides  and  hills  by  streams  during  freshets.  The 
action  of  the  water  separates  the  valuable  minerals,  which^ 
on  account  of  their  specific  gravity*  sink  to  thebottom*  while 
the  lighter  worthless  material  is  carried  along  by  the  stream 
to  some  point  where  the  current  is  less  swift,  when  it  too  is 
precipitated.  The  larger  particles  of  minerals  sink  first, 
accompanied  by  coarser  portions  of  the  gravel,  so  that  it 
would  be  unreasonable  to  expect  coarse  gold  or  other  heavy 
minerals  to  be  deposited  at  any  great  distance  from  the 
mother  lode,  except  by  glacial  action,  although  the  finer 
mineral  particles  may  be  carried  great  distances,  particularly 
in  streams  having  steep  grades  and  high  velocities.  In 
exploring  for  deposits  of, this  description,  the  prospector 
first  finds  gold  colors  that  are  not  of  much  value  but  serve 
as  a  guide  to  placer  deposits  situated  higher  up  the  gulch  or 
ravine.  While  following  the  stream  up  toward  its  source, 
the  prospector  takes  a  quantity  of  gravel  from  time  to  time 
and  washes  it  to  ascertain  if  the  particles  of  gold  are  increas- 
ing in  si^e;  usually,  if  the  deposits  are  not  too  thick,  he  goes 
to  bed  rock—that  is,  to  the  rock  underlying  the  alluvial 
deposit,  for  in  that  place  the  heaviest  particles  of  gold  are 
likely  to  be  found.  The  prospector  continues  in  this  way 
tmtil  be  strikes  a  deposit  that  is  rich  enough  to  pay  for  the 
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labor  expended  in  working:.  In  some  localities,  the  pros- 
pector follows  the  ancient  river  beds  througfh  which  water 
long  ago  ceased  to  flow.  From  his  observations  of  modem 
streams,  he  is  able  to  recognize  places  where  there  once  was 
an  eddy,  or  where  the  stream  took  a  sudden  drop  from  a 
ledge  of  rocks,  or  where  it  was  whirled  over  the  banks,  leav- 
ing ledges  of  sand  and  gravel.  Such  places,  the  prospector 
should  carefully  examine,  always  going  if  possible  to  bed  rock. 
Sometimes,  it  may  be  advisable  to  examine  the  cracks  in  the 
bed  rock  to  ascertain  whether  there  are  any  grains  of  gold 
hidden  in  the  crevices.  In  some  instances,  the  miner  will 
notice  dark  streaks  in  an  alluvial  deposit,  particularly  if  that 
deposit  is  quite  thick;  these  consist  usually  of  black  sand  or 
small  particles  of  magnetite,  which  is  a  good  indication  of 
gold,  since  these  particles  are  of  a  greater  specific  gravity 
than  ordinary  minerals  and  hence  are  naturally  associated 
with  gold  and  other  minerals  of  placer  deposits.  Each  of 
these  streaks  should  be  tested  by  the  miner,  for  they  repre- 
sent a  possible  zone  of  pay  dirt.  In  thick  placers,  there 
may  be  several  such  streaks;  sometimes  those  ^bove  bed  rock 
are  more  valuable  than  those  at  bed  rock,  but  the  latter  are 
more  likely  to  be  the  richer  where  the  streaks  have  not  been 
repeated.  Placer  deposits  at  times  carry  very  fine  gold, 
which,  although  it  may  scarcely  be  seen  with  the  eye,  may 
be  well  worth  working,  especially  if  the  black  sand  contains 
gold  and  this  sand  is  saved.  It  would  hardly  pay  the  placer 
miner  to  work  such  deposits;  however,  in  machine  mining 
with  the  aid  of  concentrators,  the  sand,  in  many  instances, 
could  be  saved  at  a  profit.  At  Flint  Creek,  Montana,  gravel 
containing  li  cents  a  cubic  yard  in  gold  is  washed  at  a 
profit,  under  very  favorable  conditions.  Gravel  containing 
but  3  cents  a  cubic  yard,  has,  according  to  good  authority, 
been  profitably  handled  by  hydraulicking,  and  dredging  is 
accomplished  at  3a  cents  a  cubic  yard. 

17.  Bed  Rock. — The  presence  of  bed-rock  outcrops 
enables  the  prospector  to  follow  the  trend  of  the  streams 
where  alluvial  patches  are  likely  to  have  accumulated,  since 
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such  outcrops  act  as  dams  and  form  obstacles  to  tne  further 
transportation  of  the  gold  by  water;  bed  rock  is  not  always 
productive,  however.  If  the  nature  of  the  bed  rock  is,  in 
general,  soft,  the  harder  parts  will  give  it  a  wavy  appearance; 
while,  oa  the  other  hand,  a  hard  rock  will  have  cracks  and 
crevices  wherever  joints  and  soft  spots  occur*  In  these  rough 
places,  the  greater  part  of  the  gold  is  quite  often  retained. 
Where  the  wash  has  been  especially  heavy  or  has  been  semi- 
plastic  in  consistency!  the  gold  has  not  been  able  to  settle  as 
far  as  the  bed  rock,  which  is,  consequently ♦  barren*  As  a 
rule,  it  may  be  expected  that  the  gullies  near  the  outcrops  of 
auriferous-quarto  veins  will  be  rich  in  gold,  and  that  farther 
away  they  will  be  poor;  consequently,  in  looking  for  the 
richest  ground,  one  Is  to  be  guided  by  the  surface  exposed. 
Some  placers  are  more  spotted  than  others,  from  possible 
shifts  of  the  current  made  by  obstacles  in  the  stream;  hence, 
the  prospector  should  look  for  signs  of  eddies  and  for  places 
where  the  banks  of  the  stream  may  have  caused  a  change 
in  the  direction  of  its  flow. 

Some  placer  miners  believe  that  quartz  gravel  with  quartz 
boulders  is  most  likely  to  prove  productive:  others  believe 
that  slate  and  hard  sandstone  bed  rocks  are  best  for  prospect- 
ing, since  they  are  more  likely  to  form  natural  riffles.  This 
difference  of  opinion,  howeveri  is  of  little  consequence*  for 
one  formation  is  just  as  likely  to  be  as  productive  as  the  other, 
lU  therefore,  there  are  any  signs  of  gold,  only  the  most  care- 
ful tracing  will  disclose  it — ^ whatever  may  be  the  character  of 
the  bed  rock.  Usually,  black  iron  sand  or  oxidized  iron  that 
has  colored  the  surface  dirt  is  a  good  indication  of  gold,  par- 
ticularly in  the  region  of  eruptive  rocks  and  metamorphosed 
quartz  schists.  When  following  up  a  gulch  giving  indications 
of  placer  mineral,  attention  should  be  given  to  the  banks,  in 
order  that  no  outcropping  vein  be  overlooked.  The  occur- 
rence of  a  stray  piece  of  quartz  will  be  a  guide  for  the  miner 
in  locating  a  lode,  especially  if  it  shows  gold  on  panning. 

18-  Pannlni;.^ — In  looking  for  gold,  the  prospector 
washes  a  pan  of  dirt  from  time  to  time,  or  at  least  whenever 
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he  suspects  the  presence  of  gold.  As  gold  is  heavier  than 
dirt,  it  will,  if  mixed  with  water  and  agitated,  sink  to  llie 
bottom,  where  it  will  be  retained  when  the  dirt  is  removed; 
this  operatioD  is  termed  paunln^.  The  pan  mostly  mtd 
by  the  prospector  is  made  from  one  piece  of  Russia  sheet 
iron  and  is  about  10  to  12  inches  in  diameter  at  the  bottom, 
16  to  20  inches  at  the  top*  and  from  21  to  3  inches  deep,  U 
coarse  material  is  being  sampled,  the  pan  is  filled-  if  the 
material  is  fine^  the  pan  is  not  entirely  fiiled,  as  it  requires 
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more  agitation  and  mor 
careful  manipulation  ill 
order  to  prevent  the  los 
of  fine  particles  of  gold 
— especially  as  it  is  the 
amount  of  the  latter  that^ 
guides  the  prospector  i^^J 
tracing  up  the  gold*  The 
placer  miner  cares  littla^ 
for  colors  after  he  hail^| 
located  a  deposit,  but  he 
does  depend  on  them  to_ 


Fig.  4 


locate  one. 
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The  pan,  when  charged,  is  carried  to  a  stream  near  by  an^ 
submerged,  so  as  to  loosen  all  gold  from  the  larger  rocks, 
which t  when  they  are  washed  clean,  are  thrown  out.  AU 
lumps  of  clay  are  next  washed*  and  the  pan  moved  about  in 
the  stream  until  the  fine  dirt  has  been  washed  awayj  the 
miner  may  assist  in  this  operation  by  using  his  bands  to 
break  up  the  lumps.  After  the  w^ater  in  the  pan  has  become 
comparatively  clear*  the  pan  is  raised  out  of  the  stream,  an^^ 
by  a  quick  motion »  the  heavier  particles  of  sand  and  grav^^f 
are  concentrated  in  one  part  of  the  pan,  The  coarser  sand  fs 
then  washed  off,  leaving  the  black  sand  and  some  quaru, 
If  there  is  any  gold,  it  will  be  seen  in  this  mixture.  As  it 
a  difficult  matter  to  separate  fine  gold  from  the  black  sand 
even  %vhen  the  water  Is  drained  off^  this  operation  is  tisuall 
performed  with  the  fingers  (Fig,  4),  The  prospector  takes 
out  the  gold  and  places  it  in  a  buckskin  pouch  that  he  carries 
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for  the  purpose.  If  the  miner  or  river  prospector  can  obtain 
sufficient  ^old  to  pay  for  his  labor,  he  is  said  to  have  pay  diri; 
if  he  has  not,  he  should  continue  his  search  until  he  reaches 
a  portion  of  the  placer  ground  that  will  remunerate  him  for 
his  toil.  In  some  instances,  a  similar  process  is  followed 
by  prospectors  in  htinting  for  the  lode  from  which  the 
gold  came. 

19*  In  South  America  and  in  the  Straits  Settlements, 
wooden  pans  are  made  by  the  natives  to  take  the  place  of 
the  iron  pan*  The  batea  of  South  America  and  the  dulanfr 
of  the  Chinese  miners  are  turned  out  of  one  piece  of  wood, 
the  sides  being  given  a  uniform  slope  from  the  center. 
The  Mexican  pans  are  made  from  pine  logs  2\  feet  long  and 
24  inches  in  diameter,  the  outside  being  fashioned  to  the 
required  shape  and  the  inside  gouged  out  with  a  tool  tliat 
looks  like  the  back  of  a  shoemaker's  haramen  The  batea 
in  the  rough  is  then  buried  in  dry  ground  until  the  sap  is  all* 
out,  after  which  it  is  taken  from  the  ground  and  smoothed 
with  sandpaper  or  glass.  The  Chinese  and  South  American 
miners  are  experts  in  the  use  of  the  batea  and  in  gold  panning, 

20*  Fl tiding  the  Value  of  Placer ^, — After  a  placer 
deposit  has  been  found,  it  is  often  necessary  to  test  its 
average  value  and 
extent*  particularly  if 
it  is  to  be  worked  by 
hydraulicking  or 
placer-mining  ma- 
chinery- This  testing 
may  be  done  by  test 
pits  or  by  placer- pros- 
pecting machines. 
In  some  cases,  it  will 

pay  to  work  ground  (h} 

containing  but  25  F'o  s 

cents  in  gold  a  cubic  yard,  provided  that  water  is  readily 
obtained  and  that  the  cubical  contents  of  the  deposit  are 
large   enough   to  warrant   the  outlay.     To  prospect   such 
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ground,  it  is  necessary ^  in  order  to  ascertain  its  depth  and 
exteDt,  to  make  bore  holes  or  test  pits  every  50  or  100  feet 
across  and  along  the  deposit  and  at  the  same  time  obtain 
the  average  value  of  the  deposit^  by  panning  the  material 
excavated.  The  method  of  procedure  is  shown  in  Fig*  5* 
where  (a)  represents  a  number  of  test  pits  arranged  in  system- 
^  atic  order,  say  every  100  feet  apart  lengthwise  and  200  feet 
apart  across  the  deposits.  As  the  dirt  is  removed  from 
these  pits,  it  is  panned  and  (the  number  of  the  pit  being 
recorded)  the  value  of  the  ground  per  cubic  yard  at  this 
point  is  ascertained.  The  depth  is  also  noted,  as  shown  in 
Fig.  5  (d),  so  that,  after  the  width  and  length  of  the  deposit 
have  been  ascertained,  the  cubic  yard- 
age may  be  computed j  this,  multiplied 
by  the  average  value,  will  give  the 
^ value  per  cubic  yard  of  the  deposit. 

21»     Cyclone   Pro  spec  tar*  — 

Placer  prospecting  by  the  test-pit 
method  is  necessarily  slow  and  expen- 
sive, for  which  reason  the  portable- 
drill  rig  has  found  favon  This,  as 
shown  in  Fig.  6,  consists  of  a  der- 
*rick  a,  mounted  on  a  truck  with  a 
boiler  b  and  an  engine  c.  The  tools  d 
are  hung  from  the  derrick  by  a  rope  e, 
and  are  moved  up  and  down,  from 
90  to  100  times  a  minute,  by  the 
engine  working  a  geared  mechanism 
that  turns  a  crank  to  which  is  attached 
a  pitman  7n  that  raises  and  lowers  a 
bell-crank  n.  On  this  bell-crank  is  a 
grooved  pulley  wheel  o  that  alter- 
nately raises  and  lowers  the  rope  e  to 
which  the  tools  are  attached.  The 
tools  consist  of  an  ordinary  bit  having  a  hole  in  the  centett 
and  having  on  each  side  holes  that  intersect  with  the  center 
bole.    The  drill  rod  is  hollow  and  has  a  ball  valve  at  the 
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coupling:  that  joms  the  drill  and  bit.     When  the  drill  make*! 
a  down  stroke,  the  cuttings  are  forced  through  the  holes  in 
the  bit  into  the  hoUow  drill  rod;  the  valve  opens  as  the  drill 
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descends  and  closes  as  it  rises,  thus 
forcing  the  cuttings  to  the  top  of  the 
drill  rod  and  out  through  the  hose  L, 

As  the  sludge  comes  to  the  surfac 
it  is  panned  with  an  automatic  devioft] 
worked  by  machinery;  this  saves  i 
labor  of  two  men,  who  are  uecessar 
for  panning  when  dig  gin  g  test  pit$ 
and  gives  as  close  an  approximation*' 
to  the  true  value  of  the  deposit  as 
they  could.  The  rapid  strokes  of 
the  drill  rod  usually  prevent  the  par- 
ticles of  gold  from  settling  to  the  bot- 
tom of  the  holej  consequently,  they 
are  drawn  up  through  the  hollow  bi|H 
and  drill  rod  to  the  surface.  ^| 

Fig.  7  is  a  cross- section  showing 
this  method  of  testing  placer  deposiis#j 
It  will  be  observed  that  tlie  casing 
pipe  sinks,  or  is  driven  downwards,  as 
the  drilling  progresses,  thus  making 
it  possible  to  test  the  gTottod  at  any 
depth.  The  cuttings  being  brought 
to  the  surface  from  the  bit  a  through 
the  pipe  b,  and  discharged,  through 
the  hose  r,  into  a  tank  where  they  art 
automatically  panned  by  machinery. 
The  water  that  brings  up  the  cuttings 
may  be  allowed  to  run  back  into  the 
over   and  over  again.    The 
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hole  and,  if   necessary,  used 

handle  ^  is  for  the  purpose  of  rotating  the  drill,  and  the 

entire  drill  mechanism  is  suspended  by  the  swivel  e. 


22,     Driving  Ciisln^  Pii>es.^In  case  the  pipe  does  do 
follow  the  bitp  it   is  driven  down  by  the  drive  shown 
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ig.  8  (d).     In  drillingf  and  driving,  the  block  «f,  Fig,  8  {^i), 

bolted  to  the  drill  rod  a  in  such  a  position  that,  when  the 

It  is  at  the  full  stroke,  or  at  the  bottom  of  the  pipe,  the 

ive  weight  rests  on  top  of  the  drive  head  d,  thus  prevent- 

g  the  bit  ^  from  going  below  the  casing  c  unless  it  is 

esired  to  drill  ahead  through  boulders  or  false  bed  rock 

aefore  following  with  the  pipe, 

23.    Pipe  PuUtn^. — As  soon  as  one  hole 

las  been  tested »  the  casing  pipe  is  pulled  and 

the  machine  moved  and  set  up  for  another  hole, 

[t  is  very  much  easier  to  drive  than  pull  pipe, 

flie   latter  being  quite  a   task  if   the  pulling 

power  must   be    applied    through    jack-screws, 

Sn   Fig.  9,   the  driver  a  is  made   to  pull  pipe 

Isy   placing   a   pulling   plug   6,   on   the   driver 

^tem  f,  underneath  the  drive  head  d.     This 

ptrikes  against  the  end  of  the  drive  pipe  head  and 

Sraws  the  pipe  when  the  motion  of  the  engine 

s  reversed.     When  taking  up  slack  rope,  it  is 

ossible  to  hit  the  head  a  slight  or  a  hard  blow, 

y  means  of  a  worm-gear  and  a  heavy  drive 

ead,  a  line  of  pipe  can  in  most  cases  be  readily 

started.     As  soon  as  one  length  of  pipe  gets 

Ibove  the  ground  it  is  uncoupled  and  the  pulling 

;>lug  inserted  in  the  next  section,  and  that  pulled 

ii  a  similar  manoerj  and  so  on  until  the  entire 

jipe  is  removed. 

24*  Elver  Deposits,— Along  various  rivers 
liere  are  gold-bearing  beaches  that  may  be 
irorked  by  means  of  trenches  or  the  costean- 
ng  method  of  prospecting;  the  practice  adopted,  however, 
raries  in  diflferent  countries.  In  the  West,  it  is  customary  to 
jrospect  river  beaches  at  low  water  by  means  of  scoops. 
ji  the  diamond  districts  of  Brazil,  the  method  of  prospect- 
ing practiced  by  the  natives  is  to  drive  a  pole  into  the  river 
bed  and  send  down  a  diver,  who  scrapes  a  portion  of  the 
into  a  bag,  which  is  afterwards  haule^  to  the  surface. 
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In  the  United  States,  river  gravels  are  now  for  the  most 
irt  prospected  by  means  of  pumps. 

Fig.  10  is  a  view  of  a  Keystone  prospecting  outfit  that 
is  used  to  test  river  deposits.  The  boxes  shown  in  the 
foreground  contain  the  samples  to  be  panned. 
To  the  left  may  be  seen  a  dredging  machine  that 
excavates  its  own  pond  to  float  in,  from  the  river 
inland^  while  dredging  for  gold.* 

25.  Prospecting  River  Benches, —  It  has 

loDg  been  Icnovvn  that  some  present  river  bottoms 
contain  loose  gold,  but  to  test  them  and  get  some 
idea  of  their  value  has  been  a  costly  operation. 
The  existence  of  gold  in  rivers  may  be  ascertained 
by  testing  the  river  banks  and  dry  bars  by  panning. 
The  top  of  the  placer  may  be  very  fine  sand  con- 
taining gold  colors;  the  next  layer  may  be  gravel;  m 
and  the  lowest  bench  may  consist  of  fair- sized 
boulders,  among  which  may  possibly  be  found 
coarse  gold  mixed  with  clay.  Placers  such  as  these 
are  not  difficult  to  test;  but  when  the  river  beds  are 
covered  with  water,  the  proposition  assumes  quite 
dififerent  proportions.  To  obtain  values  approxi- 
mately correct  from  river  beds,  an  apparatus  simi- 
lar  to  the  prospecting  machine  described  in  Art.  21 
should  be  used  for  drilling  and  sinking  to  bed  rock, 
and  a  pump  like  that  shown  in  Fig*  11  should  be 
used  for  bringing  up  the  ore, 

26,  Vacuum  Band  Pump,— The  vactinm 
sand  puDip,  Fig.  11,  consists  of  a  sucker  ^  that 
moves  the  whole  length  of  the  working  barrel  a 
when  the  sucker  rod  r  is  pulled  out  by  the  sand  line 
attached  to  the  pump  at  the  eye  d.  When  the  sucker 
is  rapidly  lifted,  a  vacuum  is  formed,  and  the  mate- 
ria! below  the  bottom  valve  is  draw^n  into  the  work-  Pt<j.  u 
ing  barrel.  If  the  material  is  not  too  coarse,  the  pump  will 
often,  because  of  the  vacuum  produced »  sink  2  or  3  feet  into 
the  placer  formation.    One  great  advantage  that  this  pump 
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has  over  the  common  sand  pump  is  thus  made  manifest;  since, 
if  gold  or  any  other  mineral  is  present,  it  will  be  drawn  into 
the  pump  by  the  current  of  sand  or  mud.  The  efficiency 
of  the  vacuum  sand  pump  depends  on  the  rapidity  with  which 
the  sucker  is  lifted;  so  that  the  sand  reel  must  be  operated 
with  powerful  friction  gear.  It  may  require  a  pull  of  2,000 
pounds  or  more  to  start  this  pump  after  it  has  partly  buried 
itself  in  the  river  bottom. 


DRY-PIiACER  DEPOSITS 

27.  The  term  dry  placer  is  applied  to  all  those  placers 
that  cannot  be  worked  owing  to  the  absence  of  the  necessary 
water,  as  well  as  to  those  deposits  where  the  supply  of  water 
is  insufficient  to  work  them  at  a  profit.  Dry  placers  occur 
in  Arizona,  Southern  Colorado,  New  Mexico,  and  Lower 
California,  where  there  are  large  areas  of  arid  lands  con- 
taining gold  in  gravel  and  clay.  With  even  a  limited  water 
supply,  however,  dry  placers  may  sometimes  be  successfully 
worked  by  steam  shovels  and  other  apparatus.  In  some 
localities  where  water  is  not  abundant,  sufficient  for  living 
purposes  may  be  obtained  by  drilling  from  30  to  50  feet  below 
the  surface,  and  it  will  not  be  long,  where  such  conditions 
exist,  before  these  placers  become  producers. 

28.  Kinds  of  Dry  Placers. — Some  localities  may  con- 
tain sufficient  gold  to  make  it  worth  while  for  the  prospector  to 
test  them  and  stake  off  claims.  In  dry  placers,  the  pay  streaks 
are  sometimes  at  or  near  true  bed  rock,  but  more  often  are 
found  above  bed  rock,  resting  on  layers  of  baked  clay  or 
cement  that  form  false  bed  rocks.  The  gold  occurs  in 
narrow  streaks,  limited  in  depth  and  length,  that  are  of 
irregular  occurrence,  and  there  is  no  way  to  predict  where 
they  will  be  found.  One  good  guide,  however,  is  the  black 
magnetic  sand,  and  the  placers  are  as  likely  to  be  large  as 
small  in  area,  and  may  be  crooked  or  straight.  There  are 
two  classes  of  dry  placers — one  lies  in  the  debris  of  sedi- 
mentary rocks;  the  other  is  in  the  debris  of  volcanic  rocks. 
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When  a  pay  streak  is  found,  it  is  followed  and,  if  deep, 
mined  by  shafts,  tunnels,  and  rooms — ^the  same  as  a  nearly 
horizontal  coal  bed.  When  the  streak  is  not  deep,  but  is 
found  at  the  grass  roots,  it  will  not  in  all  probability  extend 
to  bed  rock  or  grow  richer  with  depth,  because  the  con- 
editions  under  which  dry  placers  were  formed  were  quite 
different  from  those  that  governed  the  formation  of  wet 
placers;  however,  as  there  are  exceptions  to  all  rules,  a  test 
In  these  cases  is  of  more  value  than  prior  experience. 

29,  Prospect Inir  Dry  Pincers. — If  water  is  not  avail- 
able for  panning  and  the  ground,  as  is  often  the  case,  is  baked 
quite  hard,  the  dry-placer  prospector  is  obliged  to  break  up 
the  dirt  before  panning,  in  order  to  loosen  any  particles  of 
£old  that  may  be  encased  in  the  dirt,  The  broken  material 
is  then  put  in  the  gold  pan,  and  thrown  up  and  down  so  that 
the  wind  will  blow  away  the  fine  dust.  After  a  while,  the 
coarser  particles  are  skimmed  from  the  pan  by  the  hand, 
care  being  taken  that  no  pieces  of  quartz  with  gold  adhering 
are  thrown  away.  The  material  left  in  the  pan  is  again 
tossed  up  and  down  until  nothing  but  the  heavier  particles 
remains,  and  finally  these  latter  are  given  a  toss  high  in  the 
air  and  allowed  to  fall  on  a  sheet*  The  black  sand  and  gold 
on  the  sheet  are  collected  as  a  clean  up,  and*  if  possible, 
washed  with  water,  when  the  gold  may  be  picked  out,  otj 
if  not  too  coarse,  collected  by  using  mercury  as  an 
amalgam.  ^ 

I^OCATING  PLACEB  CLAIMS 


UNITED    STATES    PRACTICE 

30,  size  of  Claims-^The  extent  of  ground  that  may 
be  located  as  a  placer  is  limited  to  20  acres  for  one  indi- 
vidual or  person;  a  corporation  is  considered  as  an  individual^ 
Tegardless  of  the  number  of  its  incorporators*  An  associa- 
tion of  a  number  of  persons  not  incorporated  may  locate  a 
claim  in  common  not  exceeding  20  acres  to  each  individual* 
or  160  acres  for  the  entire  association;   it  requires  at  least 
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eight  bona-fide  locators  to  lawfully  claim  160  acres.  Placer 
claims,  where  the  lands  have  been  previously  surveyed  by 
the  United  States,  shall  conform  in  their  exterior  limits  to 
the  legal  subdivisions  of  the  public  lands,  and  all  placer- 
mining  claims  shall  conform  as  nearly  as  practicable  with 
the  United  States  system  of  public-land  surveys  and  their 
rectangular  subdivisions.  This  system  allows  for  a  claim 
of  1.500  ft.  X  580.8  ft.,  1,000  ft.  X  871.2  ft.,  or  800  ft 
X  1,089  ft.;  but,  where  placer  claims  cannot  conform  to 
legal  subdivision,  the  survey  and  plat  shall  be  made  as  on  all 
unsurveyed  lands.  In  new  districts  on  unsurveyed  lands,  it 
has  been  the  custom  to  claim  from  rim  rock  to  rim  rock, 
regardless  of  the  width  of  the  gulch,  within  reasonable  limits, 
and  a  sufficient  length  along  the  gulch  to  make  the  claim 
20  acres,  or  such  lesser  area  as  might  be  the  limit  under 
local  restricting  laws,  irrespective  of  bearings. 

31.  Discovery  or    Knowledge   of   Mineral. — For  a 

valid  location,  it  is  necessary  that  the  lands  be  known  to 
have  mineral  value,  either  by  discovery  or  by  previous 
knowledge;  and  in  the  case  of  an  association,  a  separate 
discovery  is  required  on  each  20  acres. 

32.  Liocatiou  Claims. — United  States  laws,  which  are 
modified  in  many  states,  are  practically  the  same  for  placer 
as  for  lode  locations,  except  for  shape  and  area,  hence  the 
location  notice  must  conform  to  both  state  and  local  laws. 
In  the  case  of  lode  claims,  the  local  laws  or  regulations  may 
also  require  the  name  or  names  of  the  locators,  the  date  of 
the  location,  and  such  a  description  of  the  claim  or  claims 
located  by  reference  to  some  natural  object  or  prominent 
monument  as  will  identify  the  claim.  A  location  notice 
should  give  the  course  and  distance  that  will  serve  to  pro- 
tect and  fix  the  location  of  the  claim  and  render  it  suscep- 
tible of  identification.  The  United  States  laws  do  not  require 
placer  claims  to  be  recorded,  except  that  the  miners  of  each 
district  may  make  regulations  not  to  conflict  with  the  laws 
of  the  United  vStates  or  the  laws  of  the  state  or  territory  in 
which  the  district  is  situated,  governing  the    location,  the 
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manner  of  recording,  etc*  Then  the  location  notice  must  be 
filed  for  record  in  ail  respects,  as  required  by  the  state  or 
territorial  laws,  and  the  legal  rules  and  regulations  if  any. 

33,  staking  Claims- ^The  dimensions  of  a  claim 
instead  of  its  total  area  are  sometimes  specified*  In  Idaho, 
posting  must  be  done  within  10  days  after  the  discovery, 
and  this  feature  should  be  looked  into  by  the  prospector  in 
whatever  state  or  territory  he  is  prospecting*  The  locator 
is  required  to  mark  each  angle  he  has  claimed  with  a  sub- 
stantial post  sunk  into  the  ground  at  that  point*  When 
posts  are  not  obtainable,  the  marks  usually  consist  of  stone 
tnounds  3  feet  high  and  3  feet  in  diameter  at  the  base*  The 
monuments  are  referred  by  distances  and  direction  to  perma- 
©ent  monuments  or  natural  landmarks^  so  that  they  can  be 
readily  located  in  case  of  controversy.  The  Idaho  statutes 
state,  for  instance,  that  the  post  should  be  at  least  4  inches 
square  or  in  diameter,  and  that  a  mark  must  be  hewn  on  the 
side  facing  the  discovery*  This  has  been  held  by  the  courts 
to  mean  that  the  posts  must  be  large  enough  to  square  4  inches 
and  must  be  at  least  4  feet  high  above  the  ground;  they  must 
therefore  be  larger  than  4  inches  in  diameter* 

34,  To  Hold  PJaeei"  Claims. — The  labor  and  the  par- 
ticulars necessary  to  hold  a  placer  claim  are  the  same  as  those 
for  a  lode  claim:  $100  worth  of  work  must  be  done  annually* 
This  must  be  actual  work  in  developing  and  improving  the 
property.  Where  several  claims  are  being  worked  as  a 
group,  all  the  work  may  be  performed  on  any  one  of  the 
group*  The  record  of  location  must  be  placed  with  the 
recorder  of  the  county  and  district  in  which  the  claim  lies. 
The  location  notice  and  the  record  of  location  should  not  be 
confounded;  the  former  indicates  an  expectation;  the  latter 
iin  assured  fact.  

BRITISH    COI^UMBIAIff    PLACER    LAWS 

35,  Free  Miners^  Certificates,— The  laws  of  the 
Canadian  government  in  reference  to  placer  mining  are 
narrower  than  those  of  the  United  States,    Miners  or  mining 
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companies  are  obliged  to  take  out  free  miners'  certifi- 
cates at  an  annual  expense  of  $5  for  individuals  and  $50 
for  corporatioiis  capitalized  for  $100,000  or  less,  and  $100 
for  corporations  with  over  $100,000  nominal  capital, 
before  they  are  entitled  to  the  privilege  of  mining  in  Cana- 
dian territory.  This  certificate  is  an  occupation-tax  receipt,' 
and  also  applies  to  lode  mining.  All  miners  that  allow  their 
certificates  to  expire  are  liable  to  a  fine  of  $25  and  costs,  but 
any  one  may  at  any  time  within  6  months  from  date  of  such 
expiration  obtain  from  the  proper  officers,  on  payment  of  the 
fee  of  $15,  a  special  free  miner's  certificate.  This  special 
certificate — so  far  only  as  such  title  depends  on  the  person 
having  a  free  miner's  certificate — has  the  effect  of  reviving 
the  title  of  the  person  to  whom  it  is  issued  to  all  placer 
claims  that  that  person  owned  at  the  time  of  the  lapse  of  his 
former  certificate,  except  such  claims  as  under  the  provisions 
of  the  Placer  Mining  Act  may  have  become  the  property  of 
some  other  person  at  the  time  of  the  issue  of  the  special 
certificate,  and  operates  as  a  free  miner's  certificate  until 
midnight  of  the  thirty-first  day  of  May  next  after  its  issue. 
In  the  case  of  a  joint-stock  company,  the  fee  for  a  special 
certificate  is  $300. 

36.  By  free  miner  is  meant  any  male  or  female  over 
the  age  of  18,  but  not  under  that  age,  or  any  joint-stock 
company  named  in,  and  lawfully  possessed  of,  a  valid  exist- 
ing free  miner's  certificate,  and  no  other.  A  free  miner's 
certificate  is  not  transferable,  and  only  one  person  or  one 
joint-stock  company  may  be  named  in  the  certificate.  The 
term  joiyit-stock  company  means  any  company  incorporated  for 
mining  purposes  under  a  Canadian  charter  or  licensed  by  the 
Canadian  government.  If  any  free  miner's  certificate  is  lost, 
the  owner  may,  on  payment  of  $2,  obtain  a  true  copy,  which 
is  marked  Substitute  Certificate,  Every  free  miner  has  the 
right  to  enter,  locate,  prospect,  and  mine  for  gold  and  other 
minerals  in  the  Yukon  District,  and  no  person  or  joint-stock 
company  will  be  recognized,  unless  he  or  it  and  every  person  in 
his  or  its  employment  have  unexpired  free  miner's  certificates. 
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37,  size  of  Claliitfi, — A  placer  elaltn  is  the  personal 
right  of  property  or  interest  in  any  placer  mine;  and  in  the 
term  mming  property  is  incliided  every  placer  claim,  ditch, 
or  water  right  used  for  placer-mining  purposes,  and  all  other 
things  belonging  thereto  or  used  in  working  thereof.  Placer 
mines  and  diggings  are  synonymous  terms* 

The  term  creek  dtjfuflni^s  means  any  mine  in  the  bed  of 
a  stream  or  ravine.  The  size  of  this  claim  is  250  feet  square,' 
provided  the  side  lines  are  measured  in  the  general  direction 
of  the  watercourse  or  stream. 

By  the  term  bar  dlpri^lnf^s  is  meant  any  mine  between 
high-  and  low- water  marks  on  a  sea,  river,  lake,  or  other 
large  body  of  water.  In  bar  diggings,  a  claim  is;  {1}  Apiece 
of  land  not  exceeding  250  feet  square  on  any  bar  that  is 
covered  at  high  water;  or  (2)  a  strip  of  land  250  feet  long 
,  at  high-water  mark  and  in  width  extending  from  high-water 
mark  to  extreme  low-water  mark. 

Dry  ilig^in^s  have  reference  to  any  mine  over  which  water 
never  extends*     The  size  of  such  a  claim  is  250  feet  square. 

38,  Blscovery  Claims. — If  any  free  miner,  or  party  of 
miners,  discovers  a  new  locality  for  the  prosecution  of  placer 
miningj  and  such  discovery  is  established  to  the  satisfaction  of 
the  gold  commissioner,  placer  claims  of  the  following  sizes  will 
be  allowed  such  discoverers;  namely,  for  a  single  discoverer, 
600  feet  in  length;  for  a  party  of  two  discoverers,  1,000  feet  in 
length;  and  to  each  member  of  a  party  beyond  two  in  number, 
a  claim  of  the  ordinary  size  only;  provided  that,  where  a  dis- 
covery has  been  established  in  any  locality,  no  further  dis- 
CO  very  will  be  allowed  within  5  miles  therefrom,  measured 
along  the  watercourses.  The  width  of  such  claims  is  the  same 
as  ordinary  placer  claims  of  the  same  class,  A  creek  discovery 
includes  all  ground  to  the  top  of  the  hill  on  each  side  of  the 
creek,  provided  that  it  does  not  exceed  1,000  feet  in  width* 

39,  Jjocatlon  Notice  and  Staking. — As  nearly  as  possi- 
ble, every  placer  claim  must  be  rectangular  in  form  and  have  its 
four  corners  marked  with  legal  posts  firmly  fixed  in  the  ground. 
On  each  post  must  be  written  the  name  of  the  locator,  the 
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number  and  date  of  issue  of  his  free  miner's  certificate,  the 
date  of  the  location,  and  the  name  given  to  the  claim.  In 
timber  localities,  all  boundary  lines  of  a  placer  claim  should 
be  blazed  and  the  underbrush  cut  so  that  the  posts  can  be 
distinctly  seen.  On  all  boundary  lines,  also,  the  locator 
should  erect  legal  posts  not  more  than  125  feet  apart.  In 
localities  where  there  is  no  timber  or  underbrush,  monuments 
of  earth  or  rock,  not  less  than  2  feet  high  and  2  feet  in 
diameter  at  the  base,  may  be  erected  in  lieu  of  the  regular 
timber  posts,  except  in  the  case  of  the  four  legal  posts 
employed  to  mark  the  corners  of  the  claim. 

40.  Recording  a  Claim. — Every  free  miner  locating  a 
placer  claim  must  record  it  in  the  office  of  the  mining  recorder 
of  the  mining  division  in  which  the  claim  is  situated,  within 
15  days  after  its  location,  if  the  claim  is  situated  within 
10  miles  of  the  office  of  the  mining  recorder  by  the  most 
direct  means  of  travel.  One  additional  day  is  allowed  for 
every  10  miles  additional  or  fraction  thereof.  The  time 
allowed  includes  the  day  on  which  the  location  is  made,  but 
excludes  the  day  of  application  for  record.  The  application 
for  such  record  must  be  under  oath  and  in  the  form  set  out 
as  provided  for  in  the  schedule  to  the  Act.*  A  claim  that 
has  not  been  recorded  within  the  prescribed  period  is  deemed 
to  have  been  abandoned. 

41.  Rerecordlnp:  Claims. — Unlike  the  American  prac- 
tice, the  Canadian  law  does  not  give  the  miner  permanent 
ownership  of  the  claim.  Placer  claims  are  recorded  for  a 
term  of  one  or  more  years,  and  may  be  recorded  for  another 
term  of  years  during  the  existence  of  a  record  to  rerecord; 
the  term  may  be  extinct  for  one  or  more  years,  there  being 
a  fee  for  recording  or  extension. 

42.  L<ay-Ovcr. — When  the  supply  of  water  is  insufficient 
to  work  hydraulic  or  other  placer  claims  requiring  water, 
such  claims  may,  through  the  gold  commissioner,  be  laid 
over   during   the   insufficiency;    or,   a  notice  of   application 


*Bill  No.  14,  1901,  Part  11,  Art.  11,  Section  23. 
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for  a  lay-over,  which  should  bear  the  date  of  the  cessation  of 
work,  must  be  posted  on  the  claim,  the  owner  must  apply  to 
the  gold  commissioner  for  the  lay-over,  which  must  be 
recorded  and  a  notice  thereof  posted  in  the  ofBce  of  the 
mining  recorder,  as  well  as  on  the  claim^ — ^withinSdays  from 
the  cessation  of  work  if  the  claim  is  within  10  miles  of  such 
office,  but  with  2  additional  days  for  each  farther  10  miles  or 
fraction  thereof,  the  number  of  days  being  counted  in  the 
same  m^inner  as  those  allowed  for  recording  a  placer  claim. 
During  the  time  allowed  for  the  cessation  of  work,  and  for 
obtaining,  recording,  and  posting  such  lay-over,  the  claim 
will  not  be  open  for  relocation  by  any  other  free  miner, 

43.  Abandonment,— If,  after  recording  a  location  and 
before  the  expiration  of  the  record,  a  miner  desires  to  aban- 
don his  claim,  he  is  obliged  to  give  notice  of  his  intention  to 
the  mining  recorder  and  pay  at  the  same  time  the  fee  of  $2,50* 


YUKON    DISTRICT    PLACER    I^WS 

44,     In  the  Yukon  Territory,  a  creek  claim  is  250  feet  long 

and  as  wide  as  the  creek  bottom,  A  hillside  claim  is  250  feet 
long,  and  must  not  exceed  1,200  feet  in  width.  A  bench  claim 
is  250  feet  square.  In  the  Yukon  District,  the  rules  diflFer  from 
those  of  British  Columbia.  An  entry  fee  of  $15  is  charged 
the  first  year,  and  an  annual  fee  of  $15  for  each  following 
year.  A  royalty  of  10  per  cent,  on  the  gold  mined  is  levied 
and  collected  on  the  j^ross  output  of  each  clalmr  default  in 
payment  of  such  royalty,  if  continued  for  10  days  after  due, 
is  followed  by  cancelation  of  the  claim.  The  sum  of  $2,500  is 
deducted  from  the  gross  annual  output  of  a  claim  when  estima- 
ting the  amount  on  which  royalty  is  to  be  calculated,  but  this 
exemption  will  not  be  allowed  unless  the  royalty  is  paid  at  a 
banking  office  or  to  a  gold  commissioner  or  mining  recorder. 
Every  free  miner  is  entitled  to  the  use  of  as  much  of  the  water 
naturally  flowing  through  or  past  his  claim,  and  not  already 
lawfully  appropriated,  as  shall,  in  the  opinion  of  the  mining 
recorder,  he  necessary  for  the  proper  working  of  his  claim, 
and  is  entitled  to  drain  his  own  claim  free  of  charge. 
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ORB  DEPOSITS 


PRINCIPLES  OF  ORE  DEPOSITS 

45.  The  Bartli's  Zone. — The  outer  crust  of  the  earth 
has  been  divided  by  recent  geologists  into  three  zones, 
termed  the  zone  of  frcicture,  the  zone  of  flowaf[e^  and  the  zone  of 
fracture  and  f towage^ 

The  zone  of  fracture  is  near  the  surface;  in  it,  the  rocks 
are  deformed  by  fracture,  due  to  the  earth's  cooling  and  to 
dynamic  forces.  The  ruptures  that  occur  in  this  zone  are 
those  of  faulting,  jointing,  differential  movements  between 
the  layers,  fissility,  and  brecciation.  The  so-called  folds  in 
the  zone  of  fracture  are  chiefly  the  result  of  numerous  par- 
allel-joint fractures  across  the  strata  with  slight  displacements 
at  the  joints,  giving  each  block  a  slightly  different  position 
from  the  previous  one,  and  thus  as  a  whole  making  a  fold. 

The  zone  of  flowage  is  the  name  given  to  that  state  in 
which  deformation  occurs  by  granulation  or  recrystallization, 
no  openings  except  those  of  microscopic  size  being  produced. 

The  zone  of  combined  fracture  and  floTva^e  lies 
below  the  zone  of  fracture,  for  the  reason  that  the  strength 
of  rocks  varies  considerably,  and  that  various  other  factors 
enter  into  the  problem;  such  as  rapid  deformation,  variation 
in  the  temperature  at  which  deformation  occurs,  the  amount 
of  moisture  present,  etc.  It  follows,  therefore,  that  fissures 
in  this  zone  will  gradually  disappear  at  different  depths 
below  the  surface,  depending  on  the  hardness  of  the  rock  in 
which  they  occur.  Illustrations  of  the  disappearance  of 
fissures  are  numerous;  it  is  stated  on  good  authority  that,  in 
the  gold  belt  of  Nevada  City  and  of  Grass  Valley,  in  Cali- 
fornia,   many    small   fissure   veins    close    up    with    depth. 

*The  system  followed  is  that  of  Prof.  C.  R.  Van  Hisc  in  the  United 
States  Geological  Reports. 
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Fissures  may  not  only  die  out  below,  but  may  also  dis- 
appear above,  the  fault  line  either  not  having  reached  the 
surface  or  else  having  been  replaced  by  a  flexure  in  the 
overlying  stratum.  This  phenomenon  has  been  described 
by  Rickard,  who  showed  how  faulted  fissures  in  sandstone 
and  limestone  disappeared  above  at  the  place  where  shale 
is  encountered,  which  accommodated  itself  to  the  fractures 
below  by  monoclioal  flexures*     This  is  shown  in  Fig,  12t  in 
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which  a  is  a  gentle  arch  of  impervious  shale,  which  begins 
where  the  feeding  fissure  b  euds. 

46,  Groupinir  Ore  Dt'poslts. — Geologists  have  divided 
ore  deposits  into  three  grotips.  as  follows:  Ore  deposits  of 
direct  igneous  origin,  which  are  probably  of  limited  extent; 
ore  deposits  that  are  the  direct  result  of  the  processes  of 
sedimentation;  and  ore  deposits  that  have  been  derived 
from  underground  waters. 

47.  ligneous  Ore  Deposits* — Certain  basic  igneous 
rocks  have  been  worked  as  iron  ores.  The  magnetic  iron- 
ore  bodies  of  the  Appalachian  Mountains  seem  to  have  been 
plastic  magmas,  and  are  coarsely  crystallized,  Vogt  con- 
siders the  sulphide  ores  of  various  metals  in  Norway  to  be 
a  direct   segregation   from  a  magma,     Emmons   has   also 
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favored  the  idea  of  a  first  concentration  at  least  of  the 
metallic  contents  of  the  ore  by  some  process  from  igneous 
rocks,  more  particularly  basic  rocks.  In  many  cases  where 
ore  deposits,  and  especially  sulphides,  are  supposed  to  be 
igneous,  the  question  arises  as  to  how  much  these  deposits 
may  be  due  to  magmatic  differentiation,  and  how  much  to 
the  second  and  more  important  concentration  that  is  per- 
formed by  underground  waters.  Igneous  ore  deposits  are 
found  in  the  older  and,  in  most  cases,  the  aqueo-igneous 
rocks. 

48.  The  ores  of  sedimentation  were  mentioned  in 
connection  with  placer  deposits,  but  they  include  others  that 
may  have  been  formed  by  mechanical  concentration;  such 
as  monazite  sands,  stream  tin,  magnetic  sands,  and  some 
diamond  and  other  gem  deposits.  Usually,  such  deposits 
are  near  the  surface,  although  they  may  be  found  covered 
to  a  considerable  depth  by  recent  alluvium. 

49.  Chemical  Deposits. — The  deposits  that  are  of 
most  interest  to  the  lode  miner  are  those  formed,  probably, 
by  underground  waters;  hence  it  is  in  these  above  all  others 
that  the  prospector  looks  for  gold,  silver,  and  copper.  Such 
deposits  must  occur  in  the  zone  of  fracture,  for  in  the  zone 
of  flowage  there  are  no  crevices  through  which  underground 
waters  can  circulate.  The  water  may  collect  some  mineral 
in  its  downward  course;  then,  gradually  becoming  heated, 
collect  another  mineral;  and,  finally,  when  in  a  proper 
condition  or  degree  of  saturation,  deposit  the  minerals  so 
collected  on  the  walls  of  the  crevices  through  which  it 
circulates.  The  water  that  collects  the  minerals  increases 
in  temperature  with  depth,  and  in  this  condition  can  take 
other  minerals  into  solution,  thereby  creating  solutions  that 
will  dissolve  still  other  minerals.  The  journey  of  under- 
ground water  is  at  first  downwards  through  small  openings, 
then  lateral,  and  finally  upwards  through  larger  openings. 
Of  course,  where  large  openings  are  available  for  downward- 
moving  waters,  they  will  be  utilized;  but  it  is  thought  that 
on  the  average  the  larger  openings  are  more  extensively 
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used   by   the   upward-moving   waters,  the  smaller  fissures 

acting  as  feeders  to  the  larger. 

50.  Cliemfcal  Action. — Chemical  action  may  take 
place  between  gases  and  gases,  gases  and  liquids,  gases  and 
solids,  different  liquids,  liquids  and  soHds.  and  different 
solids.  So  far  as  the  deposition  of  ores  is  concerned,  the 
reactions  in  connection  with  underground  liquid  solutions 
are  by  far  the  most  important.  Water  that  holds  substances 
in  solution  may  combine  with  substances  to  form  hydrates; 
it  may  part  with  its  hydrogen  in  exchange  for  bases— especially 
the  alkalies  and  alkaline  earths — thus  at  the  same  time 
changing  the  composition  of  the  rock  and  taking  into  solu- 
tion the  bases  replaced;  or  it  may  deposit  substances  from 
solution*  Chemical  reactions  may  be  caused  by  different 
substances  being  taken  into  solutions  at  different  times,  by 
different  solutions  coming  together,  by  solid  material  coming 
in  contact  with  water  having  substances  in  solution»  and  by 
a  changing  temperature  and  pressure.  In  all  these  changes 
and  interchanges^  the  materials  pass  through  a  state  of 
aqueous  solution,  which  may  be  alkaline,  acid,  or  neutpah 

51.  Underground  Aqueous  Solutions, — The  quan- 
tity of  a  solid  that  can  be  dissolved  in  liquid  depends  on  the 
number  and  nature  of  the  compounds  present,  on  the  pres- 
sure, and  on  the  temperature.  When  a  salt  is  placed  in  a 
liquid,  it  forms  a  homogeneous  mixture  of  salt  and  liquid. 
This  statement  applies  also  to  the  minerals  of  nature;  that 
is,  they  are  salts  that  are  soluble  in  water;  it  even  applies  to 
quartz  and  the  most  refractory  silicates,  as  Bams  has  shown 
that  water  at  185°  C.  attacks  with  astonishing  rapidity  the 
silicates  composing  soft  glass.  At  180°  C.^  various  zeolites 
can  be  dissolved  in  pure  water,  the  material  crystallizing 
out  on  cooling.  Lemberg  shows  that  water  at  212°  C, 
slowly  dissolves  anhydrous  powdered  silicates.  It  is  there- 
fore apparent  that  in  the  lower  part  of  the  zone  of  fracture 
water  is  a  chemical  agent  that  has  a  dissolving  power  that 
may  be  increased  by  one  of  the  salts  it  contains  helping  to 
dissolve  another  salt;  for  instance,  the  presence  of  alkaline 
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sulphides  is  very  favorable  to  the  solution  of  sulphides  of  the 
heavy  metals,  such  as  copper,  silver,  and  £old.  The  tem- 
perature influences  the  rate  of  solution  as  well  as  the  quantity 
of  material  that  may  be  held  in  solution;  that  is,  for  most  sub- 
stances, a  moderate  increase  of  temperature  gives  greater 
capacity  for  solutions;  while  for  many  substances  a  tempera- 
ture exists  at  which  there  is  the  maximum  capacity  for  solu- 
tion, and  the  amount  of  material  that  may  be  held  in  solutioTi 
at  a  higher  and  lower  temperature  is  less  than  this  maximum. 
In  the  lower  part  of  the  zone  of  fracture,  increase  in  tempera- 
ture with  depth  may  exceptionally  lessen  the  average  amount 
of  a  substance  that  may  be  held  in  solution;  but  an  increase  in 
the  pressure  with  an  increase  in  the  depth  promotes  solubility- 

52«  Precipitation  From  Aqueous  Solutions. — ^Since 
the  precipitation  from  solutions  is  the  cause  of  fissures 
becoming  filled  with  minerals  that  are  termed  veins,  it  is 
necessary  to  view  the  different  methods  by  which  the  phenom* 
ena  may  be  accomplished.  The  necessary  condition  for  pre- 
cipitation is  that  the  solution  should  be  supersaturated^  when 
precipitation  may  result  in  various  ways — such  as  changes 
in  temperature  and  in  pressure,  and  reactions  between  aque- 
ous solutions,  between  aqueous  solutions  and  solids,  o^ 
between  gases  and  solutions.  f 

53,     Belt  of  Weathering* — The  division  of  the  zone  of 

fracture  t  known  as  the  belt  of  ^v^eatlierln^,  extends  from 
the  surface  to  water  level,  and  possibly  beyond  this  point. 
In  this  belt  are  various  gases  (the  most  important  being 
carbon  dioxide  and  oxygen)  and  a  great  variety  of  solutions 
and  solids*  thus  involving  gases,  liquids,  and  solids  in  the 
reactions  set  up.  Furthermore,  organic  bodies  act  on  inor- 
ganic bodies*  making  the  chemical  reactions  in  the  belt  of 
weathering  extraordinarily  complex;  the  most  important  are 
carbon ation,  hydration,  oxidation,  and  solution.  The  process 
of  carbonaiion  is  quite  extensive  in  the  belt  of  weathering,  pro- 
ducing abundant  quantities  of  the  carbonates  of  the  alkalies, 
alkaline  earths,  and  iron,  and,  but  less  abundantly,  the  car* 
bonates  of  other  metals. 
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While  hydraiimi  is  usual  in  the  belt  of  weathering,  yet, 
tinder  some  condilions,  and  especially  those  of  great  aridity 
and  high  temperature,  dehydraiion  may  occur.  OxidatiQU  is 
also  very  general  in  the  belt  of  weathering,  but  dt'oxidatimt 
may  occur  io  regions  of  very  luxuriant  vegetation  where 
there  is  an  unusual  quantity  of  reducing  material  of  an 
organic  nature*  If  all  the  compounds  produced  by  weathering 
remained  where  they  were  formed,  the  volume  of  the  rocks 
would  be  greatly  increased  by  these  changes;  but  simulta- 
neously with  these  reactions,  soiutmi  is  taking  place  on  a 
great  scale*  and  the  quantity  of  material  dissolved  is  more 
than  sufficient  to  counterbalance  the  increase  in  volume  due  to 
chemical  changes*  In  connection  with  the  chemical  changes, 
mechanical  action  is  continually  subdividing  material. 


54,  Belt  of  Cement  At  Ion,  ^In  the  division  of  the  zone 
of  fracture,  known  as  the  belt  of  cementation,  hydration^ 
carbonation,  oxidation,  and  deposition  occur:  Hydration  and 
deposition  are  the  characteristic  reactions,  while  carbonation 
and  oxidation  are  subordinate.  The  reactions  take  place  by 
raetasomatic  changes  within  many  of  the  original  mineralsi 
and  by  deposition  of  material  within  the  openings*  Many 
of  the  minerals  produced  are  strongly  hydra  ted.  The  cracks 
and  crevices  produced  by  mechanical  action — such  as  faults, 
joints,  bedding  partings,  and  fissility — and  the  openings  or 
spaces  in  sedimentary  rocks  between  particles  are  slowly  but 
surely  filled  by  the  action  of  ground  water,  and  the  rocks  are 
thus  cemented.  The  belt  of  weathering  is  where  solution 
takes  place;  the  belt  of  cementation  is  where  deposition 
takes  place.  Of  the  substances  deposited  in  the  belt  of 
cementation,  quartz  is  undoubtedly  the  one  that  predomi- 
.nates.  Prof.  C.  R.  Van  Hise  shows  that  one  of  the  deep- 
seated  dominating  reactions  is  the  process  of  substituting 
silica  for  carbon  dioxide,  with  the  simultaneous  liberation 
of  carbon  dioxide.  This  process  takes  place  at  moderate 
depth*  especially  under  dynamic  conditions:  the  carbon 
dioxide  liberated  joins  io  part  the  underground  waters. 
Such  carbonated  waters  are  capable  of  taking  into  solution 
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the  salts  of  metals,  alkalies,  alkaline  earths,  and  iron  that 
may  reach  the  surface.  Other  issuing  waters  may,  in  addi- 
tion to  carbon  dioxide,  contain  chlorhydric,  sulphydric, 
sulphuric,  and  other  acids.  Thus,  by  various  processes,  the 
larger  openings  are  filled  with  deposits;  but,  where  one  of 
these  openings  contains  metalliferous  ores  in  sufficient  quan- 
tity to  be  of  service  to  man,  the  remainder  of  them  will  be 
found  barren — that  is,  filled  with  quartz,  calcite,  dolomite, 
and  other  gangue  minerals. 


APPL.ICATION  OF  PRINCIPIiES  TO   ORB    DEPOSITS 

55.  Introduction. — There  have  been  endless  discus- 
sions as  to  whether  ore  deposits  are  produced  by  descending, 
lateral  secreting,  or  ascending  waters.  Prof.  C  R.  Van  Hise, 
whose  arguments  are  being  followed  because  he  harmonizes 
theories  with  well-known  scientific  facts,  says  that,  **instead 
of  the  old  ideas  being  contradictory,  as  many  suppose,  they 
are  mutually  supporting,  because,  when  combined,  they 
furnish  a  more  satisfactory  theory  than  any  of  them  alone.'* 
It  is  now  probably  clear  that  the  deposition  of  the  greatest 
group  of  metalliferous  ores  is  accomplished  by  underground 
waters,  which  may  be  ascending,  descending,  or  lateral  in 
their  movements. 

The  water  that  performs  the  first  work  moves  downwards, 
then  laterally;  that  is,  for  a  given  fissure,  the  waters  enter- 
ing it  do  so  from  the  top  and  sides,  but  not  from  the  bottom. 
The  waters  do  not  enter  the  fissure  at  a  single  place,  but  at 
numberless  points  along  the  course,  from  the  deepest  parts 
to  the  surface.  Somewhere,  the  water  that  enters  a  fissure 
must  flow  from  it,  and  this  place  may  be  at  the  surface  of  the 
ground  or  at  a  considerable  depth  below  the  level  of  ground 
water.  The  quantity  of  water  that  enters  a  fissure  laterally, 
decreases  with  depth,  but  in  all  probability  the  amount  of 
mineral  per  unit  volume  increases;  and  if  the  rocks  with 
which  the  deeper  water  comes  in  contact  can.  furnish  met- 
alliferous materials,  such  waters  should  be  heavily  loaded. 
Even  if  the  amount  of  water  furnished  is  small,  yet  durins: 
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its  long  life  it  may  contribute  from  the  cotintry  rock  min* 
eral  material  in  solution  that  is  more  than  sufficient  to  fill  a 
fissure  entirely*  It  appears,  therefore,  that  lateral-moving 
waters  find  their  way  to  fissures,  and  that  lateral  secretion 
is  an  essential  in  the  first  concentration   of  ore  deposits, 

56.  Vein  Formation.— Ore  deposits  are  found  in 
fissures,  which  are  the  main  streams  for  circulating  waters 
in  the  latter  part  of  their  courses.  The  underground  waters 
when  they  reach  this  channel  be^in  their  ascent j  and  the 
.quantity  of  water  gradually  increases  in  volume  from  the 
lower  depths  to  the  point  where  it  escapes.  The  varieties 
of  the  solutions  become  more  numerous,  for  each  stream 
entering  this  channel 
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probably  differs  in  its  ^^v-^ST^K''^^' 
salts,  and  the  pressure 
and  temperature  are 
also  lessening,  thus 
making  the  conditions 
favorable  for  precipita- 
t  ion.  Ascendin  g 
waters  coming  in  con-  SJ^^^^^- 
tact  with  various  kinds  Fm.  is 

of  wall  rocks  and  with  various  solutions  precipitate  minerals 
probably  to  a  wider  extent  than  the  descending  and  the  lateral- 
moving  waters.  The  ascending  waters  may  vary  in  the  quan- 
tity and  kind  of  material  they  transport,  so  that  the  material 
filling  a  fissure  may  difl^er  from  time  to  time,  thus  forming  a 
banded  mineral  vein,  such  as  is  shown  in  Fig.  13,  which  has 
diminished  the  width  gradually  until  the  cavity  has  become 
filled.  It  will  be  noticed  that  the  filling  nearest  the  walls  of 
the  cavity  is  calcite,  the  next  quartz,  the  next  metallic  minerals, 
and  the  center  a  gangue  with  mineral  in  its  mixture.  From 
the  reasoning  followed,  the  upper  lateral  streams  contained 
lime,  which  was  deposited  as  calcite.  and  thus  closed  up 
lateral  fissures  leading  into  the  main  channel;  silicious 
deposits  next  formed  from  lower  depths;  and  then  metallic 
deposits  from  still  lower;  and  so  on  until  the  vein  was  filled, 
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67.  Irregrtilarity  In  Vein  Deposits. — It  is  well  known 
that  veins  vary  in  richness  in  an  exceedingly  irregular  manner. 
At  a  place  in  a  vein  where  a  metal  is  abundantly  found,  the 
explanation  in  many  cases  would  be  that  near  that  place  a 
stream  emptied  that  either  carried  the  precipitated  metal  or 
contained  an  agent  capable  of  precipitating  the  metal  alreadjr 
in  solution.  For  instance,  it  is  believed  that,  where  the  great 
bonanza  of  the  Comstock  lode  in  Nevada  was  found,  solutioi 
rich  in  gold  and  silver  met  other  solutions,  there  or  nei 
there*  that  were  capable  of  precipitating  this  gold  and  silver.' 

58.     Ore  ctiutest  or  clilnineys  of  ore,  of  exceptioQal 

richness  are  occasionally  found;  these  are  sometimes  pi 
allel  with  the  dip  of  the  strata,  and  at  other  times  pitch 
the  right  or  left  of  the  dip.  Some  of  these  deposits  are 
in  the  necks  of  extinct  volcanoes;  but  the  explanation  of 
their  filling  is  probably — in  some  instances,  at  least — tha! 
a  cross-fracture  or  joint  existed,  through  which  watei 
entered,  carrying  either  metalliferous  material  or  solutioi 
capable  of  precipitating  the  metalliferous  mineral  near  ih 
place  where  the  lateral  streams  of  water  entered.  The  lead 
and  zinc  deposits  of  Missouri,  according  to  Jenney«  are 
larger  where  two  fissures  cross  than  elsewhere;  the  silver- 
lead  deposits  of  Aspen,  Colorado,  also  show  rich  ore  bodies 
where  two  faults  intersect,  the  explanation  offered  being  that, 
by  the  mingling  of  solutions  that  had  previously  flowed  along 
different  channels,  the  precipitation  of  metallic  sulphides  was 
brought  about.  It  is  frequently  the  case  thati  where  veins 
cross  ^  one  carries  minerals  that  are  different  from  those  in 
the  other;  probably  the  rich  chutes  of  gold  ore  in  the  Sierra 
Nevada  are  due  to  mingled  solutions,  Penrose  observes 
that  many  of  the  rich  ore  chutes  at  Cripple  Creek  occtir 
cross-fissures. 

69,     Reactions   Dne   to  Wall    Rocks, — The    principal 
influences  of  wall  rock  on  circulating  waters  in  fissures  are 

three  in  number,  as  follows: 

1.     A  solid,  when  placed  in  contact  with  a  liquid,  may 
precipitate  some  compound  held  in  solution »  part  of  the  solid 
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going  into  solution  at  the  same  time.  This  is  a  sort  of 
replacement  of  minerals,  such  as  occurs,  according  to  Foster, 

tin  the  tin  mines  of  Cornwall,  as  shown  in  Fig.  14,  where 
replacement  of  mineral 
particles   has    taken  place 
forming  ores  in  the  altered 

i  country  rock. 
2.     The  wall  rock  may 
furnish  precipiialing  solu- 

Itions,  which  will  precipi- 
tate the  metals  already  in 
the   solution.     This  prob- 

»ably  is  more  noticeable  in 
lead-ore  deposit s^  as  shown 
in  Fig*  15,  where  lead  ore 
is  deposited  in  magnesian  Pm.  ii 

limestone;  probably  most  contact  deposits  are  of  this  descrip- 
tion, although  some  deposits  indicate  that  they  are  due  to 
displacement. 

3.  The  wall  rock  may  furnish  metalliferous  material  for 
the  ore  deposit,  and  this  may  be  pre- 
cipitated when  it  reaches  the  fissure 
by  the  mingling  of  solutions. 

Any  or   all  of  these  factors  may 
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work  together.    Thus,  the  position  of  lead  in  limestone  may  be 
l^artly  explained  by  the  reactions  that  occur  with  the  solutions 
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in  the  fissure  and  the  limestone;  or,  the  reactions  resultiog  in 

the  precipitation  of  the  lead  may  be  partly  the  results  of  solu- 
tions in  the  channel  and  the  solutions  in  the  limestone.  The 
waters  in  the  fissure  may  be  acid;  then  alkaline  solutions  froni 
the  limestone  will  immediately  react  on  such  solutions  aod 
precipitate  lead  sulphide.  The  ready  solubility  of  the  lime- 
stone furnishes  the  openings,  giving  a  receptacle  for  the  lead* 
as  shown  in  Fig*  16*  and  the  lead  itself  may  come  from  the 
limestone* 

Near  Murristown,  Tennessee,  there  are  deposits  of  galena 
and  blende  in  limestone;  below  these  deposits  there  are  caves, 
the  walls  of  which  are  incrusted  with  zinc  carbonates  and, 
at  times,  lead  carbonates.  Sometimes  galena  is  incrusted 
with  lead  carbonates.  Usually,  the  lead  and  zinc  carbonates 
are  deposited  in  entirely  different  places,  showing  that  the 
points  where  the  materials  are  found  were  more  suitable  to 
one  than  to  the  other  metal  salt,  although  derived  originan^ 
from  the  same  deposit. 

Another  precipitation  resulting  from  the  influences  of 
solids  is  the  occurrence  of  metalHc  copper  about  grains  of 
magnetite,  and  in  the  openings  of  the  sandstones,  conglom- 
erates, and  amygdaloids  of  Keweenaw  Point,  Michigan* 
Where  the  copper  surrounds  the  magnetite,  it  seems  per- 
fectly clear  that  the  oxide  of  iron  in  the  magnetite  was 
the  reducing  agent  that  precipitated  metallic  copper.  The 
metallic  copper  between  the  particles  was  doubtless  pre- 
cipitated by  ferrous  solutions  furnished  by  the  wall  n 
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60.     Compounds  Deposited   bjr  Ascending  Waters* 

The  most  important  metalliferous  ores  are  iron,  copper, 
lead,  zinc,  silver,  and  ^old.  These  are  deposited  by  ascend- 
ing waters,  mainly  as  sulphides  or,  in  the  case  of  gold, 
associated  with  sulphides  and  tellurides*  The  cause  for  this 
precipitation  is  that  downward*moving  water  is  deprived  of 
its  oxygen  by  ferrous  compounds  or  organic  matter  of  ascend- 
ing water.  Sulphides  do  not  always  appear  above  water 
level  in  old  fissures,  on  account  of  downward  percolating 
waters;  and  oxidation  seldom  occurs  below  water  level. 
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61,  Source  of  Metals, — The  rocks  that  furnish  metal- 
lic salts  are  to  a  great  extent  igneous.  The  frequent  occur- 
rence of  workable  ores  in  regions  that  have  been  disturbed 
has  led  some  geologists  to  believe  that  the  igneous  rocks 
furnished  heat  to  assist  in  the  solution.  While  igneous 
rocks  are  undoubtedly  the  source  of  a  large  portion  of 
metallic  deposits,  it  is  equally  certain  that  another  large  part 
is  derived  from  sedimentary,  metamorphosed,  and  partly 
metamorphosed  rocks.  The  mistake  is  often  made  of  sta- 
ting that  some  one  formation i  sedimentary  or  igneous,  is  the 
sole  source  of  the  valuable  metals. 


62*  Source  of  Sulphur. — Metallic  sulphides  seem  to 
be  the  original  constituents  of  igneous  rocks,  and  it  is 
probable  that  sufficient  sulphur  was  present  to  satisfy  all  the 
sulphur  compounds  in  ore  deposits.  The  sulphides  in  the 
belt  of  weathering  are  oxidized  to  sulphates,  and  these  are 
taken  in  solution  and  into  underground  waters,  where  they  may 
come  in  contact  with  buried  organic  matter  and  be  converted 
into  sulphides.  This  would  be  especially  likely  to  happen 
where  the  cres  are  disseminated  through  beds  bearing  car- 
bonaceous material.  Cazin  mentions  a  Vermont  copper 
mine  as  a  case  where  ores  are  mingled  with  organic  matter, 
Rickard  enumerates  a  number  of  similar  cases.  Lindgren 
states  that  pyrite  occurs  in  the  carbonaceous  slate»  but  not  in 
the  quartz  of  one  gold  vein  in  Grass  Valley.  California. 
Two  springs  of  ascending  waters  in  the  latter  district  show 
the  presence  of  sulphates  in  considerable  quantities.  Pyrite 
is  also  common  in  coal  beds.  On  Bowan's  Creek,  in 
Wyoming  County,  Pennsylvania,  chalcocite  and  chalcopyrite 
occur  in  sandstone  and  shale  that  also  contain  the  organic 
remains  of  Devonian  flora. 

Sulphates  and  sulphites  could  be  reduced  to  sulphides  by 
ferrous  iron  in  the  rocks,  particularly  in  basic  rocks  that  are 
altered  or  in  scoriaceous  basic  rocks,  and  this  reaction,  which 
is  advanced  by  Professor  Van  Hise,  would  account  for  the 
deposition  of  sulphides  In  rocks  where  carbonaceous  material 
is  not  available, 
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63,  Sotutlons  of  Sulphides. — Sulphides  of  the  valuable 
metals  are  somewhat  freely  soluble  in  alkaline  solutions,  and 
especially  so  in  alkaline  sulphide  sohitions»  Bicarbonates  of 
the  alkalies  and  alkaline  earths  holding  an  excess  of  carbon 
dioxide  are  favorable  for  the  solution  of  sulphides.  Ptobably 
sulphides  are  rendered  more  soluble  by  the  presence  of 
various  other  compounds  in  underground  sohuions;  Doelter 
has  shown  that  to  some  extent  they  are  soluble  in  pure 
water.  Whatever  the  source  of  sulphides  may  be,  these  ores 
are  generally  deposited  in  fissures  by  ascending  waters* 

64,  Source  of  Carbon  Dioxide. — Besides  sulphuric 
acidi  another  acid  of  great  importance  in  the  deposition  of 
ores  is  carbon  dioxide;  this  is  the  dominant  acid  contained 
in  issuing  underground  waters.  Where  vegetation  is 
abundant,  carbon  dioxide  is  concentrated  in  the  soil;  a  large 
part  is  retained  in  the  belt  of  weathering  by  the  carbonatioa 
of  the  silicates,  but  another  part  joins  the  sea  of  underground 
waters.  Considerable  carbon  dioxide  is  sometimes  obtained 
from  rocks  that  contain  microscopic,  and  sometimes  larger, 
cavities  filled  with  the  gas* 

One  of  the  deep-seated  dominating  reactions  is  the  proce; 
of  silication  of  the  carbonates,  that  is,  the  substitution 
silica  for  carbon  dioxide;  thus,  deep  waters  are  ever  receiving 
contributions  of  carbon   dioxide,  which  makes  them  more 
capable  of  taking  metals  in  solution*     At  the  Geyser  shaft  I 
Custer  County,  Colorado,  the  superficial  waters  are  said 
contain  ten  times  as  much  silica  as  the  deep-seated  wate 
In  the  deep  waters,  the  carbon  dioxide  is  greatly  in  excess 
of  that  contained  in  the  waters  near  the  surface. 

65,  Precipitation  by  Ascentllngr  and  Deseeiidli 
Waters  Combined. — In  regions  where  mining  is  going  on 
denudation  had,  previous  to  the  discovery  of  the  mine 
decreased  the  depth  of  the  veins,  so  that  in  many  cases  onl; 
a  small  portion  remains  to  be  worked*  From  this,  it  may  1 
surmised  that  in  the  past  the  waters  in  the  large  fissures  wer 
probably  ascending  during  the  time  that  the  first  concentratioll 
of  sulphurets  and  other  products  took  place.     But.  as  a  result 
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of  the  downward  migration  of  the  belt  of  weathering  and  the 
downward  movement  of  the  water  in  that  belt,  alteration  and 
secondary  concentration  of  ore  deposits  have  taken  place* 
This  secondary  concentration  may  explain  the  frequently 
greater  richness  of  ore  deposits  near  the  surface  than  exists 
lower  down* 

The  changes  at  the  surface  may  cause  three  zones  of  min- 
eral, as  follows: 

1,  Above  water  level » there  is  a  zone  of  mineral  composed 
largely  of  oxides,  carbonates,  chlorides,  and  associated  prod- 
ucts, which  not  infrequently  contain  rich  sulphides, 

2,  Above  and  below  water  level,  there  is  a  belt  composed 
of  sulphides  rich  in  such  metals  as  gold,  silver,  copper,  lead, 
and  zinc,  which,  however^  contain  subordinate  amounts  o( 
oxidized  products. 

3,  Deeper  down  is  a  belt  of  lean  sulphides,  bearing  small 
amounts  of  the  more  valuable  sulphurets,  which  commonly 
pass  into  iron  sulphide.  It  is  evident  that,  if  the  sulphides 
are  equally  abundant,  the  sulphide  that  is  most  easily  oxidized 
will  disappear  first,  and  that  the  order  of  oxidation  will  be 
iron,  copper,  silver,  zinc,  and  lead.  During  oxidation,  the 
sulphides  are  largely  altered  to  sulphates,  which  are  taken 
into  solution  and  carried  away.  The  sulphides  are  not  all 
oxidized  to  sulphates;  part  of  them  is  converted  into  sulphur 
dioxide  and  oxides  of  the  metals*  A  part  of  the  oxides  unite 
with  carbon  dioxide  to  form  carbonates.  Finally,  the  oxides 
and  oxidized  salts  react  on  unaltered  sulphides  producing 
richer  sulphurels.  The  reactions  may  be  between  an  oxide 
or  a  salt  of  a  metal  and  its  sulphide,  as,  for  instance,  the 
oxide  or  the  sulphate  of  copper  on  the  sulphide  of  copper; 
thus, 

6Ca5  +  2Cu^0  =  5Cn^S  +  SO^ 
aod 

The  reaction  may  be  between  the  oxide  or  the  salt  of  one 
metal  and  the  sulphide  of  another  metal;  thus, 
feS,  +  Cu,SO.  =  FeSO,  +  %CuS 
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liEAD,    ZINC,    AND    IRON    DEPOSITS 

66.  In  order  that  the  relations  of  lead,  zinc,  and  iron  as 
they  occur  together  in  ore  deposits  may  be  understood,  the 
known  facts  concerning  their  occurrence  should  be  noted. 
In  the  upper  Mississippi  Valley  and  the  Appalachian  Moun- 
tains, limestones  and  dolomites  contain  lead  and  zinc  min- 
erals as  sulphides.  These  sulphides  are  sometimes  spangled 
through  magnesian  limestone  in  such  a  manner  that  it  is 
almost  impossible  to  obtain  a  first-class  concentration 
mechanically,  but  nature  has  taken  these  metals  into  solu- 
tion in  many  places  and  deposited  them,  wherever  there 
was  iron  in  sufficient  quantities,  as  zinc  carbonate  or  zinc 
silicate.  The  order  of  occurrence  is  usually  as  follows: 
Above  water  level,  the  predominant  minerals  are  galena 
and  sphalerite;  the  latter  is  oxidized  more  readily  than  the 
former  and  is  then  changed  to  carbonates  and  silicates. 
There  is  also  some  cerusite  and  anglesite.  The  carbonates 
and  silicates  may  extend  15  or  20  feet  below  water  level; 
but  at  a  greater  depth  these  oxidized  products  disappear. 
Below  the  oxidized  minerals,  galena  and  sphalerite  are  found 
in  connection  with  iron  sulphides.  In  these  deposits,  there 
has  evidently  been  two  concentrations:  the  first  concentration 
is  probably  the  result  of  ascending  waters  that  concentrated 
the  sulphides;  the  second  concentration  is  probably  the  result 
of  downward  waters  holding  the  minerals  in  solution.  In 
some  cases,  such  as  may  be  observed  at  the  Clark  and  Bertha 
zinc  mines,  in  Virginia,  no  other  explanation  is  possible  than 
that  descending  waters  held  the  minerals  in  solution. 

67.  Precipitation  of  Galena  From  Solutions. — Dur- 
ing the  process  of  oxidation,  sulphates  and  carbonates  of 
lead  are  formed;  and  these,  in  solution,  sink  downwards 
and  react  on  the  other  sulphides  present,  and  reprecipitate 
the  lead  as  j:,^alena.  The  chief  reactions,  supposing  that  the 
lead  is  a  sulphate  in  solution  and  meets  the  iron  sulphides  FcS 
or  Fc'St,  are  as  follows: 

PdSO,  -f  /r5  =  PdS  -f  PeSO, 
or  PdSO,  +  FeS.  -\- 20  =  PbS  +  FeSO.  +  SO. 
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Or,  if  the  lead  is  in  solution  as  lead  carbonate, 
PbCO.  +  FeS  =  PbS  +  FeCO. 
or  PbCO^  +  FeS^  +  20  =  PbS  +  FeCO^  +  50, 

Lead  carbonate  can  be  formed  by  some  such  lead-sulphate 
solutions  coming  in  contact  with  calcium  carbonate;  thus, 
PbSO.  +  CaCO^  =  PbCO,  +  CaSO. 
It  may  be  possible  that  the  following  reactions  are  set  up, 
in  case  zinc   sulphide  and  lead  sulphate  or  carbonate  are 
brought  together: 

PbSO^  +  ZnS  =  PbS  +  ZyiSO^ 
PbCO,  +  ZnS  =  PbS  +  ZnCO, 

68.     Precipitation  of  Zinc  Minerals  From  Solutions. 

Zinc  holds  to  sulphur  less  strongly  than  lead,  but  more 
strongly  than  iron.  The  sphalerite  is  concentrated  in  the 
zone  below  the  galena,  the  reactions  being  similar  to  those 
producing  the  galena.  The  reactions  with  iron  sulphides 
may  be  formulated  as  follows: 

ZnSO^  +  FeS  =  ZnS  -f  FeSO^ 

ZnSO^  +  FeS,  +  20  =  ZnS  -f  FeSO^  -f  SO. 
and  ZnCO.  +  FeS  =  ZnS  +  FeCO. 

ZnCO.  +  FeS,  +  20  =  ZnS  -f  FeCO,  +  SO, 
The  formula  for  calamine  is  given  by  Dana  as  Zn,//,OtSt\ 
and  any  series  of  formul&s  that  will  explain  such  complex 
compositions  will  require  that  silica  be  taken  into  the  solu- 
tion by  an  alkali;  consequently,  the  reaction  advanced  is  not 
absolute,  but  merely  illustrative: 
2ZnS0,  4-  CaStO,  •  2//,0  =  ZnM.O.Si  -f  CaSO^  +  H,SO^ 
Electric  calamine  is  found  in  beds  of  limonite,  where  it  is 
supposed  that  the  precipitation  is  produced  by  an  electric  or 
galvanic  current  set  up  between  the  metals  in  solution  and 
the  iron  oxide,  although  an  interchange  of  elements  could  be 
the  cause.     The  calamine  in  the  Clark  mine  seems  to  have 
formed  from  the  bottom  up,  as  if  deposited  from  a  saturated 
solution  of  zinc  silicate. 
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COPPER    AND    IRON    COMPOUNDS 

69.  First  Concentration  of  Copper  Ores. — In  dealing 
with  copper  deposits,  both  first  and  second  concentrations 
may  be  considered.  It  is  assumed  with  first  concentration 
that  the  deposits  are  due  to  the  fact  that  the  ascending 
waters  held  salts  of  the  metal  in  solution.  Mining  has 
proved  that,  deep  down  in  the  vein  deposits,  iron  sulphides 
predominate,  for  which  reason,  as  the  deposit  nears  the  sur- 
face, different  grades  of  the  more  valuable  metals  are  met. 
It  is  possible  and  often  demonstrated  in  mining  that  chal- 
copyrite  increases  in  richness  toward  the  surface  until  it 
predominates  over  pyrite.  The  reactions  between  copper 
sulphate  and  iron  sulphides  may  be  written  as  follows: 

CuSO^  4-  2/r5  =  CuFeS^  -f  FeSO^ 
or        CuSO,  4-  2/r5.  -f  (9*  =  CuF€S^  4-  FeSO^  -f  250. 
either  of  which  gives  the  mineral  chalcopyrite. 

Where  the  iron  sulphide  is  pyrrhotite,  the  reactions  may 
be  expressed  by  combining  the  above  equations  in  proper 
proportions  and  using  the  sulphide,  Fe,S,, 

In  passing  upwards  from  the  lowest  level  in  which  chal- 
copyrite appears,  this  mineral  may  steadily  increase  in  quan- 
tity until  the  iron  sulphide  is  subordinate,  when  bornite  is 
likely  to  appear.  This  may  possibly  occur  according  to  the 
following  reactions: 

0/.5a  +  CuSO,  +  SFeS  =  Oi^FeS,  +  2FeS0^ 
or 
Cu.SO,  4-  CuSO,  +  SFeS,  +  60  =  Cu^FeS,  +  2FeS0,  4-  35(>. 

Bornite,  however,  could  be  produced  by  the  reaction  of  the 
copper  salt  on  chalcopyrite.  Passing  now  to  still  higher 
levels  in  the  deposit,  chalcocite,  0^,5,  will  probably  be 
encountei '^''*  which  may  be  produced  by  the  reaction  of 
cuprous  sulphate  on  iron  sulphides,  as  follows: 

C7i,S0,  +  FeS  =  OisS  +  FeSO, 
or  Cu.SO,  4-  FeS,  4-  O,  =  Oi^S  +  FeSO^  +  SO, 

Chalcocite  may  be  produced  by  the  reaction  of  the  sul- 
phates either  on  chalcopyrite  or  on  bornite.  Chalcocite  is 
usually  found  in  copper  deposits  near  the  water  level,  and  is 
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a  very  rich  copper  ore*  At  still  higher  levels  in  the  deposit » 
carbonates  may  appear  with  the  sulphurets;  while  at  still 
higher  levels »  especially  above  water  level,  carbonates  pre- 
doininate,  since  in  this  situation  rich  sulphureis  in  ascend- 
ing solution  have  been  directly  acted  on  by  oxygen  or  carbon 
dioxide.  The  oxidation  of  the  sulphur  and  copper  may  be 
simultaneous,  or  the  sulphur  may  be  oxidized  first,  forming 
metanic  copper,  A  series  of  transformations  can  occur  in 
this  zone,  which  would  result  in  cuprite,  Cu^O;  tenoritei 
CuO;  azurite,  or  blue  copper  carbonate,  malachite,  or  green 
copper  carbonate;   and  chryscolla,  a  hydrous  copper  silicate. 

70,     Seeona  Concentration  of  Copper  Ores.^In  the 

first  concentration  of  the  copper  deposits,  it  has  been  assumed 
that  the  deposits  were  formed  by  ascending  solutions:  in  the 
second  concentration,  it  is  assumed  that  sulphides  have  been 
oxidized  in  the  zone  of  weathering,  and  the  concentration 
has  been  accomplished  by  descending  waters  holding  salts  of 
the  metals  in  solution.  Such  secondary  concentration  will 
naturally  diminish  in  richness  with  depth.  In  secondary 
copper  deposits,  the  top  of  the  deposit  is  usually  a  poor  iron 
ore  known  as  gossan;  below  this,  at  the  level  of  ground 
water,  there  is  usually  found  a  rich  deposit  of  chalcocite  of 
varying  thickness;  below  this  is  bomite;  and  still  deeper 
chalcopyrite  is  found,  which  gradually  loses  its  percentage 
of  copper  until  it  shades  into  pyrite.  The  secondary  con- 
centration occurs  only  as  deep  down  in  the  deposit  as  water 
level.  The  gossan  may  carry  high  values  in  silver  and 
gold.  Thus,  at  Butte,  Montana,  the  increase  in  silver  and 
Ifold  in  the  oxidized  zone  is  quite  noticeable  when  com* 
pared  with  the  material  below  water  level.  To  account  for 
these  high  values  in  gold  and  silver  above  water  level,  one 
must  suppose  that  this  belt  has  received  contributions  of 
those  metals  from  the  upward  extension  of  the  vein  that  is 
now  removed  by  erosion.  The  many  Illustrations  of  sulphide 
deposits  that  have  been  oxidized  at  the  surface  pclnt  almost 
conclusively  to  a  secondary  concentration* 
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SILVSB    DEPOStTS 

71*  Silver  is  a  metal  that  has  great  affinity  for  sulphur 
and  its  original  forms  are  generally  sulphides,  sulphantimo- 
nites,  sulphantimonates,  su1pharseoites»  and  sulpharsenates. 
Ordinarily,  silver  is  not  sufficiently  abundant  to  constitute 
the  main  mass  of  an  ore  deposit;  hence,  in  lead -dnc* iron 
compounds,  it  is  found  most  abundantly  with  lead,  less 
abundantly  with  zinc,  and  least  abundantly  with  iron.  The™ 
rich  silver  compounds  — native  silver,  cerargyrite,  Agi^H^M 
argent! te,  A^-mS;  proustite,  A^^AsS^;  pyrargyrite,  Ag-nS^S^; 
and  stephanite,  ^4^^Si>St~mRy  be  abundantly  found  in  the 
upper  parts  of  the  veins,  but  frequently  decrease  in  quantity 
in  passing  into  the  zone  of  sulphides*  and  sometimes  entirely 
disappear,  the  products  being  wholly  argentiferous  lead, 
zinc,  copper,  and  iron;  if,  with  increase  of  depth,  the  ores 
become  poorer  in  lead  and  zinc,  they  are  also  likely  tofl 
become  poorer  in  copper;  the  silver  will  also  ordinarily 
decrease  in  amount.  As  an  illustration  of  second  concen- 
tration in  the  belt  of  weathering,  suppose  that  the  sillier 
sulphide  was  oxidized  to  silver  sulphate;  this  salt  would  then 
pass  downwards  in  solution  until  it  reached  chalcocite,  when 
it  may  be  assumed  that  the  silver  would  be  precipitated  as 
argentite,  according  to  the  equation:  ^m 

Cu,S  +  Ag.SO.  =  Ag,S  +  Cu^SO^  ■ 

lo  a  similar  manner,  various  other  reactions  could  be 
written  for  the  salts  of  silver  and  the  sulphides  of  copper, 
lead,  zinc,  and  iron. 

In  the  Leadville.  Colorado,  ores,  the  galena  is  much  richer 
in  silver  than  the  cerusite.  This  discrepancy  may  be  explained 
by  the  reaction  of  the  oxidized  silver  salts  on  the  galena, 
producing  a  galena  richer  in  silver  than  originally  existed. 
Above  the  level  of  ground  water,  the  silver  occurs  to  some 
extent  in  native  form,  but  more  largely  as  horn  silver,  as 
that  compound  is  not  easily  oxidized;  and  if  not  precipi* 
tated  as  cerargyrite  the  upper  part  of  the  silver  veins  in 
the  belt  of  weathering  may  be  greatly  depleted  in  silver 
as  the  result  of  the  leaching,     li  there  is  a  deficiency  of 
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chlorine  in  the  solutions,  silver  chloride  will  not  be  formed; 
but  should  there  be  silver  chloride  in  solution,  arisen tite 
could  be  formed  when  brought  in  contact  with  copper 
sulphide,  thus: 

Ag,SO.  +  tNaCl  =  ^AsCi  +  Na.SO, 
or,  for  the  second  case. 

Cu.S  +  2Aga  =  Ag,S  +  2dua 
The  oxidized  portions  of  the  Cripple  Creek  tellurides  carry 
free  gold,  but  are  deficient  in  silver;  while  the  original  tellu- 
rides contain  a  certain  amount  of  silver  below  the  oxidized 
zone,  which  fact  would  indicate  that  silver  has  been  leached 
out  from  the  oxidized  zone. 


PHOSPKCTINQ    FOR    OOI*D 

T2»  Gold-Velu  DeiKislts, — In  some  veins— particularly 
at  the  oxidized  outcrops — gold  is  found  in  its  native  form: 

more  often»  however,  it  is  found  associated  with  sulphides 
or  tellurides.  In  the  form  in  which  it  occurs  in  oxidized  vein 
outcrops,  gold  is  a  secondary  product  of  concentration;  in 
the  other  cases,  it  is  usually  in  the  first-concentration  stage. 
Below  the  level  of  ground  water,  the  most  common  asso- 
ciates of  gold  are  the  sulphides  of  the  base  metals.  In  such 
cases,  where  the  sulphides  are  plentiful  the  gold  is  more 
abundant,  and  where  deficient  the  gold  also  is  lacking.  It  is 
probable  that  the  original  sulphide  solutions  contained  gold, 
which  would  account  for  the  deficiency  when  the  sulphurets 
are  not  abundant.  Gold  is  frequently  deposited  with  llie 
telluride  minerals  ptiziie  and  sylvanite — according  to  some, 
as  a  telluride  of  gold;  according  to  others,  in  its  native  state 
and  associated  mechanically  with  tellurium.  Dana  states 
that  this  occurrence  of  gold  with  tellurium  is  a  chemical  com- 
bination; other  equally  good  authorities  claim  that  it  is 
merely  a  mechanical  association. 

Gold  is  known  to  be  soluble  in  some  solutions  and  especially 
in  alkaline  sulphides,  which  are  sure  to  occur  in  underground 
waters.  Moreover,  gold  combines  with  iodine  and  chlorine, 
and  both  compounds  are  soluble.     Gold  is  said  to  be  soluble 


in  ferric  sulphate.  FeASOj^^  and  alkaline  iodides  are  cap* 
able  of  dissolving  gold.     Since  nnderground  solutions  of 
gold  are  exceedingly  dilute,  it  is  probable  that  gold  is  kept 
ionized  or  in  the  free  state.     It  would  be  kept  in  the  ionic 
state,  not  by  one  but  by  all  of  the  free  acids  present,     Meta^i 
lie  gold  has  been  found  in  sedimentary  rocks  bearing  organic) 
matter,  and  in  veins  where  they  cross  carbonaceous  shales. 
Away  from  the  carbonaceous  shales,  the  quartz  vein  is  said 
to  be  absolutely  barren.     Gold  could  be  precipitated  from 
solutions  that  have  come  in  contact  with  ferrous  oxide,  such 
as  magnetite,  or  from  solutions  bearing  ferrous  or  cuprous-^ 
salts,  which  are  abundantly  produced  underground.     It  may  " 
be  possible  that  the  alkaline  solutions  that  dissolved  the  quartr 
of  veins  and  brought  them  into  solution,  also  collected  and 
transported  the  gold^  since  quartz  is  nearly  always  a  gangue 
rock  of  gold.     In  some  cases  where  wire  gold  occurs,  silica- 
tion  and  carbonation  may  have  furnished  carbon  dioxide  for 
precipitation;  in  fact,  numerous  speculations  may  account  for^— 
the  precipitation  of  gold  from  solutions,  ^| 

That  gold  ares  are  sometimes  richer  at  the  surface  than 
lower  down  may  be  due  to  the  concentration  by  the  action 
of  weathering,  and  certain  It  is  that  oxidized  products  are  due 
to  that  cause.  A  peculiar  fact  to  be  noted  is  that,  in  some 
mines  where  the  ores  contain  silver  and  gold,  the  tw^o  metalsj 
increase  in  abundance  in  about  equal  proportions,  also  that 
this  enrichment  of  the  vein  occurs  at  somewhat  regular 
intervals  on  both  the  strike  and  the  dip.  This  would  sug- 
gest that  solutions  capable  of  precipitating  the  metals 
entered  at  these  particular  places.  Selective  agency  ma?^ 
have  had  much  to  do  with  the  concentration  of  minerals;  for,^ 
since  the  solutions  must  have  been  very  weak,  it  can  be 
imagined  that,  where  a  crystal  started  to  form,  a  mineral  o^ 
the  same  kind  in  solution  would  add  to  its  size. 


73*     15 old  Deposits.-— Gold  veins  have  most  frequently 

been  discovered  where  oxidized  outcrops  occur,  because  in 
such  locations  the  gold  is  often  visible  to  the  eye.  It  has,  how- 
ever»  been  found  by  the  examination  of  rusty  quarts — that  is, 
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quartz  that  has  been  stained  with  the  iron  from  the  oxidized 
pyrite.  In  the  latter  case,  the  gold  may  or  may  not  be 
visible  to  the  naked  eye,  and  its  determination  must  be 
accomplished  by  assay.  Most  gold  found  in  the  native 
state  contains  from  5  to  13  per  cent,  of  silver,  but  whether 
the  silver  is  always  alloyed  with  gold  or  exists  separately  in 
the  ore  it  is  not  possible  to  say  positively;  it  is  known,  how- 
ever, that  placer  gold  is  alloyed  with  silver*  There  are  many 
instances  where  gold  and  silver  are  associated  with  copper, 
lead,  zinc,  and  iron  minerals,  but  in  such  a  fine  state  that  its 
detection  can  only  be  determined  by  assay,  Tetrahedrite, 
mispickel,  and  other  combinations  of  mixed  sulphides  also 
contain  gold  in  a  form  not  visible  to  the  eye.  The  tellurium 
linerals  sylvanite,  nagyagite^  and  petzite  usually  contain 
*ifold  in  their  composition,  and  are  worked  extensively  in 
Boulder,  Custer,  Teller,  and  San  Miguel  Counties,  Colorado, 
as  also  in  the  Mercur  district  of  Utah, 

While  gold  is  widely  distributed,  in  small  quantities,  in  rocks 
of  all  geological  systemsi  it  is  only  once  in  a  while  that  it  is 
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found  concentrated  in  bonanzas.  Neither  gold  nor  quartz, 
with  which  it  is  usually  associated,  is  readily  acted  on  by  the 
elements^  but  when  the  quartz  is  decomposed,  the  gold  remains 
near  by  unless  transported  by  rapid  streams  or  glaciers. 
Gold  is  a  constituent  of  sea-water,  but  in  such  minute  quanti- 
ties that  it  cannot  be  recovered  at  a  profit,  although  frequently, 
in  the  past,  men  with  more  imagination  than  wisdom  have 
attempted  it.  The  black  sands  of  placers,  rivers,  and  sea 
beaches  often  contain  gold. 


52 


PROSPECTING 


!4Q 


The  African  gold  fields  that  have  been  developed  are  m 

Rhodesia  aad  the  Transvaal,  The  Witwatersrand,  termed 
Rand  for  short,  is  the  largest  gold  field  so  far  discovered.  The 
gold  is  in  quartz,  conglomerate  beds,  occasionally  broken  by 
faults  or  dikes.  The  geological  structure  is  very  siinple, 
compared  with  other  fields,  and,  as  shown  in  Fig;  17,  a  cross-j 
section  of  the  Glencairn  property  is  quite  regular*  The  bed 
are  termed  r^efs,  and  the  conglomerate  is  a  mass  of  quartj 
pebbles  cemented  together  with  a  quartz  cenient  in  which' 
pyrite  and  free  gold  are  found.  These  ores  are  not  exceed- 
ingly rich  in  gold,  but  are  easily  worked  and  the  gold 
recovered  by  amalgamation  followed  by  cyaniding.  From 
the  description  given  of  this  field,  its  geological  position 
would  approximate  the  Carboniferous  period*  ^ 

The  gold  deposits  of  New^  South  Wales,  Victoria,  Queens-" 
land,  and  Tasmania  are  also  called  reefs.     The  f  eculiarity  oi 
these  fields  is  the  anticlinal  saddle  reefs  shown  in  Pig.  18,  ii 
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which  the  black  area  represents  the  gold  ore.  In  the  slates 
at  Tambaroona,  New  South  Wales,  both  anticlinal  and  syncli- 
nal reefs  occur,  according  to  Watt.  Some  of  these  reefs  are 
in  sedimentary  rocks  bearing  organic  matter. 

In  the  Eastern  United  States,  termed  the  Appalachian 
Region,  gold  was  discovered  in  North  Carolina  as  far  back 
as  1799,  It  is  found  in  quartz  that  is  encased  in  slates; 
schistose  gneiss;  schists;  and  clays  derived  from  these  rocks, 
which  are  relics  of  the  Archaean  and  are  probably  Cambrian. 
In  some  cases,  the  gold  occurs  in  quartz  veins  that  statid 
above  the  surrounding  slates  and  altered  gneiss  and  schists. 
It  has  not  been  concentrated  to  any  great  extent,  appears, 
in  many  instances,  to  be  pockety,  and  is  usually  of  a  refrac- 
tory nature*  Development  has  not  been  extensive,  but  in 
some   cases   the  ores  are    worked   at   a  profit.     In   Gilpin 
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County,  Colorado,  gold  is  found  in  fissure  veins  that  are  in 
^aoite  or  gtietss.  At  the  surface,  the  ores  are  free  mtllinsr, 
but  with  depth  they  become  snlphurets:  the  veins  are  very 
persistent   and   extend  to  great   depth.     The  Clear   Creek 

•County  gold  ores  are  similar  in  formation  and  character. 
In  Boulder  County^  Colorado,  the  gold  is  associated  with 
tellurium  minerals,  in  small  veins »  along  fault  fissures  in 
granite  or  gneiss  sometimes  associated  with  porphyry.  In 
Lake  Cotirity,  Colorado*  the  gold  is  found  in  veins  through 
granite^  in  porphyry  dikes,  and  in  limestone  associated  with 

'porphyry,  Leadville  is  in  this  district;  but,  although  it 
furnishes  gold,  it  is  more  of  a  silver  than  a  gold  camp.  In 
Teller  County^  Colorado,  particularly  in  the  Cripple  Creek 
district,  tellurides  containing  gold  are  found  In  fissures  near 
phonolite  dikes  in  eruptive  rocks. 

Fig.  19  (a)  is  a  cross-section  of  the  Elkton  mine,  Cripple 
Creek,  in  which  a  is  the  vein;  ^,  the  dike;  and  r,  the  eruptive 


country  rock.  Fig.  19  (d)  is  a  horizjontal  section  of  the 
same  mine,  showing  the  relation  of  the  vein  a  to  the  dike  d 
and  the  country  rock  c.  It  will  be  noticed  that  the  vein  cuts 
through  the  dike  from  one  wall  to  the  other*  In  this  loca- 
tion, the  walls  of  the  veins  as  well  as  the  veins  themselves 

*    154—30 
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are  very  irregular,  and  show  apparently  that  the  veins  wen 
filled  by  ascending  solutions.  The  San  Migfnel  and  Ss 
Juan  Districts  of  Colorado  have  fissure  veins  contaiotng 
gold  in  tellurium  minerals. 

In  Deer  Lodge  County,  Montana,  there  are  quartz  veins 
in  granite  that  contain  gold  with  a  large  percenlai^e  of  silver 
associated  with  it.  Lewis  and  Clark  County  has  similar 
veins  in  granite,  and  also  quartz  veins  in  slate.  The  rocki 
at  Mercur,  Utah»  are  said  to  be  Carboniferous  sandstones  and 
limestones,  Here,  the  tellurides  are  deposited  in  contact  with 
altered  limestones  and  thin  intruded  porphyry  sheets,  but 
sometimes  they  are  found  in  the  porphyrys  themselves  and 
in  the  limestones  immediately  above  them.  It  is  believed  that; 
these  deposits  were  formed  by  ascending  mineral  soludoQs. 

The  Comstock  lode  in  Nevada  is  a  great  quartz  vein, 
having  diorite  and  diabase  for  country  rock,  in  which  silver 
predominates  in  the  proportion  of  two  parts  of  gold  to  three 
parts  of  silver.  The  ore  is  sometimes  found  in  rich  masses 
or  bonanzas. 

'  A  gold  belt  in  California^  known  as  the  mother  lode, 
extends  through  Amador,  El  Dorado,  Calaveras,  Toulumne, 
Mariposa,  and  Madera  Counties.  It  is  not  one  continuous 
mineral  vein,  but  a  series  of  parallel  veins  that  are  some- 
times unbroken  for  a  long  distance.  The  rocks  are  complex 
and  have  been  cut  through  by  fissures  and  overlaid  with 
eruptive  material.  The  fissures  contain  dike-like  masses  of 
diabase,  diorite,  serpentine,  and  other  intrusive  rocks,  w^hich 
were  thrust,  from  below,  through  the  overlying  rocks.  The 
rocks  in  the  formations  are  slates,  quartzites,  and  green- 
stones, which  are  due  to  the  alteration  of  crushed  diabase 
combined  with  metamorphism.  The  walls  sometimes  diflfer; 
there  is  a  greenstone  foot-wall,  then  state  with  the  quartz 
gold  vein,  next  a  gouge,  and  a  black  slate  hanging  wall 
The  greenstone  is  sometimes  the  hanging  wall*  The  gol 
is  found  in  the  quartz  adjacent  to  the  slates.  The  Mariposa 
beds,  in  which  the  central,  or  mother,  lode  of  this  gold  belt 
is  associated,  has  clay  slates  that  were  considered  an  essen- 
tial feature;  in  fact,  in  former  times  the  immediate  contai 
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or  close  proximity  to  Mariposa  clay  slates  was  deemed  indis- 
pensable to  pay  rock*  Later  developments  show  that  fissures 
in  the  clay  slates  of  the  Mariposa  beds  are  barren,  and  that 
the  productive  vein  fissures  are  approximately  parallel.  The 
^  impression  also  existed  that  a  paying  mine  must  be  in  contact 
Kifith  greenstone  and  black  slate,  but  late  developments  show 
VHiat  some  of  the  best-paying  ore  chutes  are  in  amphibolite 
schists «  Investigation  has  shown  that  slates  of  the  ore  depos- 
its are  the  result  of  an  alteration  of  diabase,  and  maybe  dis- 
tinguished by  their  pitted  appearance  from  the  clay  slates  of 
p  the  Mariposa  beds.  The  ore  deposits  seem  to  be  independent 
of  contact  with  slates  and  massive  greenstone,  but  the  black 
slates  and  the  quartz  keep  together  with  regularity.  The  gold 
deposits  in  the  Black  Hills  of  South  Dakota  consist  of  schists 
in  Cambrian  sandstones,  granite,  and  igneous  rock.  The 
largest  gold  mine  in  the  United  States  is  located  herci  and 
while  the  gold  is  not  concentrated  in  bonanzas  it  is  fairly 
uniform  in  large  rock  masses  that  are  easy  to  work  and  from 
which  the  gold  is  easily  recovered.  The  average  valne  of 
the  ore  does  not  exceed  $4,  but  the  dividends  from  this  mine 
have  so  far  amounted  to  more  than  $15,000,000. 

The  Alaska-Tread  well  mine  on  Douglas  Island,  Alaska^  is  a 
m  somewhat  similar  formation,  the  wide  granite  lode  having  been 
shattered  and  then  cemented  with  quartz  solutions  containing 
gold<     The  foot-wall  is  slate,  the  hanging  wall  greenstone, 

■  The  foregoing  examples  show  that,  while  the  prospector 
is  more  likely  to  find  gold  in  mountainous  mineralized  zones 
than  in  other  regions,  there  is  no  definite  limit  to  its  exist- 
ence elsewhere.  Gold  in  all  probability  comes  from  the 
interior  of  the  earth  in  solutions,  but  it  is  so  indestructible 
that  the  original  veins  that  held  it  may  have  been  weathered 

■  long  ago,  and  the  gold  again  become  encased  in  other  rocks 
of  a  sedimentary  character.  There  is  one  instance  in  the 
anthracite  fields  of  Northeastern  Pennsylvania  where,  in  the 
Upper  Devonian  formation^  gold,  silver,  and  copper  are 
foimd  in  micaceous  sandstone,  nor  is  there  any  dike  in  the 
vicinity;  but  the  sandstone  is  shattered  by  deformation  due 
to  dynamic  agencies. 
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74.  Gold  In  Other  Ores. — Gold  is  often  a  by-product 
of  silver-lead  mining,  and,  in  some  instances,  of  copper 
mining.  It  riiay  be  found  in  the  residues  after  pyrite  has 
been  burned  for  sulphuric  acid;  consequently,  its  production 
is  not  confined  to  gold  mining  alone.  In  Mexican  silver 
mines,  the  gold  usually  increases  as  the  proportion  of  silver 
increases.  If  a  quartz  vein  has  been  discovered  but  no  gold 
found,  the  prospector  need  not  feel  disheartened,  but  should 
try  the  same  vein  in  another  place — in  fact,  several  other 
places.  Success  may  in  the  end  reward  his  search.  After 
finding  the  lode,  the  prospector  should  take  out  from  4  to  5 
tons  of  the  ore  in  different  spots  along  the  vein,  and  have 
an  average  sample  crushed  separately  and  panned  for  gold. 
He  should  not  attempt  to  take  the  best  of  this  ore,  as  other- 
wise he  will  deceive  himself;  on  the  contrary,  in  order  to 
obtain  a  good  assay  or  average  value,  he  should  take  an 
average  sample,  or  vein  matter  that  carries  mineral  as  well 
as  some  that  is  not  mineral  bearing. 

75.  Tracing  Veins. — The  search  for  mineral  veins 
carrying  gold  requires  a  thorough  knowledge  of  rocks,  for 
the  gold  will  not  always  be  visible.  In  a  new  country, 
quartz  ledges  should  be  first  examined,  and  some  of  the 
rock  crushed  and  panned.  If  no  signs  of  mineral  are  found, 
the  vein  should  be  traced  until  some  oxidized  pyrite  is 
observed,  when  another  panning  should  be  undertaken.  It 
may  happen  that  the  mineral  is  so  fine  that  it  cannot  be 
detected;  hence,  if  the  quartz  is  much  stained  and  pitted,  a 
sample  should  be  assayed.  The  vein  prospector  must  work 
hard  and  be  a  close  observer,  otherwise  he  will  meet  with 
indifferent  success.  All  slates  near  the  quartz  vein  should 
next  be  examined  and  panned  for  mineral,  particularly  if  they 
are  quartz  slates;  in  this  case,  sulphide  mineral  is  an  indicator 
if  found  in  the  pan.  In  the  Atlantic  coast  states,  chloritic 
quartz  schists  often  carry  gold.  If  the  prospector  is  in  a 
location  where  veins  cross  different  kinds  of  rock,  he  should 
examine  the  vein  in  each  rock,  and  particularly  the  inter- 
section of  cross-veins.     If  there  is  a  fissure  where  contact 
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occurs  between  two  kinds  of  rock,  the  filling  to  the  fissure 
majr  contain  the  valuable  metal,  especially  where  eruptive 
and  sedimentary  rocks  are  in  contact.  Unless  the  prospector 
knom^s  that  he  is  in  a  mineralized  zone,  he  should  look  for 
indications  of  mineral — that  is,  examine  the  float  or  vein 
matter  that  has  become  detached  from  the  parent  lode  by 
natural  agencies.  Such  fragments  are  found  in  gulches,  on 
benches  of  rock,  or  along  watercourses;  in  fact,  the  pros* 
pector  should  examine  every  place  where  mineral  would 
Daturally  lodge,  either  when  rolling  down  hill  or  when  being 
transported  by  avalanches,  ice»  or  water*  Sometimes 
mineral  blossoms  have  been  transported  considerable  dis- 
tances from  the  lode,  and  at  the  same  time  a  large  quantity 
will  be  barren  while  only  a  small  percentage  shows  mineral; 
but  the  latter  is  an  indicator  that  the  vein  is  mineralized  and 
should  be  traced.  Gold  float  is  usually  rusty  quartz  stained 
reddish  brown,  native  gold,  or  quartz  containing  some 
sulphide  not  easily  weathered.  There  may  be  other  vein 
minerals,  such  as  barite  and  calcite^  that  will  bear  examina- 
tion if  in  quantities,  although  such  gangue  minerals  are 
more  likely  to  be  with  silver-lead  minerals*  The  quartz  may 
be  stained  greenish  from  the  oxidation  of  copper  pyrite;  but 
care  should  be  taken  to  examine  such  stains,  as  vegetable 
matter  will  also  stain  quartz  green.  In  prospecting  moun- 
tain spurs,  the  quartz  veins  will  Hkely  be  prominent  if  the 
wall  rocks  are  easily  weathered.  Where  there  are  no  out- 
crops, the  streak-like  depressions  on  the  surface  should  be 
closely  examined,  for  in  them  mineral  veins  are  sometimes 
found.  The  first  operation  should  be  to  wash  out  some 
of  the  digging  surface.  If  only  a  trace  of  quarlz  gold 
is  obtained,  a  vein  is  likely  to  exist  in  the  neighborhood; 
trenching  should  therefore  be  undertaken--that  is,  ditches 
should  be  dug  in  the  soil  to  look  for  float  or  to  uncover 
mineral  veins.  These  trenches  should  be  systematically 
followed  up,  but  their  selection,  or  site,  must  be  left  to 
the  judgment  of  the  prospector,  who  should  be  guided  by 
his  knowledge  of  the  country  being  prospected  and  of  the 
mineral  that  he  is  bunting. 
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76 •  Deteriiiiuatlou  of  Fine  Gold. — Coarse  particles 
of  gold  are  readilj^  distinguishable  by  the  eye»  either  id  the 
quartz  or  after  crushing,  but  there  are  instances  where  the 
particles  of  gold  are  so  fine  that  they  are  not  discernible, 
and  other  instances  where  they  are  so  wrapped  up  in  other 
minerals  that  they  cannot  be  distinguished.  In  order  to  test 
for  the  presence  of  such  gold.  Darlon  advises  the  following 
metliodt  which  he  considers  trustworthy  in  such  cases  and 
very  useful  to  prospectors,  in  thati  in  all  probability,  it  will 
save  them  considerable  money  and  labor.  Small  pieces  ol 
the  rock  to  be  tested  are  finely  powdered  and  well  misted; 
then,  about  i  ounce  of  the  powder  is  placed  in  a  large  tesl 
tube,  together  with  a  solution  made  by  dissolving  20  gfrains 
of  iodine  and  30  grains  of  iodide  of  potassium  in  about 
li  ounces  of  water.  The  mixture  is  then  thoroughly  agitated 
and  heated,  and,  after  it  has  settled,  a  piece  of  pure,  whiti 
Swedish  filter  paper  is  dipped  into  it  and  allowed  to  remai 
for  a  few  moments.  The  paper  is  then  taken  out,  drained 
and  dried  over  a  spirit  lamp,  after  which  it  is  placed  on  a 
piece  of  platinum  foil  and  heated  to  redness  over  the  flame, 
the  foil  being  held  with  pincers*  After  the  filter  paper  has 
been  consumed  and  the  carbon  burned  off .  the  residue  on  th 
foil  is  allowed  to  cool  and  is  then  carefully  examined. 
the  residue  appears  at  all  purple,  gold  is  present  in  the  oi 
and  the  relative  amount  may  be  approximately  deducei 
The  whole  operation  takes  but  little  time. 

If  the  prospector  desires  to  confirm  the  presence  of  goli 
he  should  take  some  of  the  ash  remaining  and  treat  it  wi 
a  few  drops  of  aqua  regia.     Evaporate  the  solution  to 
ness  at  a  gentle  heat  and  dissolve  the  residue  in  water.     The 
solution  is  then  poured  into  a  breaker  that  is  placed  on  a 
sheet  of  white  paper.    Another  solution  is  now  prepared 
by  adding  ferric  chloride  to  stannous  chloride  until  a  promi- 
nent yellow  color  is    produced.     This    solution    is    dihiie* 
with  water  and  a  glass  rod  dipped  first  into  it  and  then  in 
the  gold  solution;  if  a  bluish-purple  streak  appears  in  the 
track  of  the  rod,  it  is  positive  evidence  of  the  presence  q\ 
gold. 
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77<     Ohler's  Mctbod  of  Beterminlnsf  Gold. — A  new 

method  o£  detecting  the  presence  of  a  small  quantity  of  gold 
has  been  recently  discovered  by  Doctor  Ohler*  By  this 
method,  the  presence  of  quantities  a$  low  as  77  centigrams 
per  ton  may  be  established.  The  operation  is  as  follows; 
A  quantity  of  finely  powdered  ore,  say  120  grams,  is  intro- 
duced into  a  flask.  To  this  an  equal  volume  of  the  tincture 
of  iodine  is  added,  and  the  mixture  well  agitated.  It  is  then 
left  for  an  hour,  being  agitated  from  time  to  time,  and  is 
finally  allowed  to  stand-  When  the  solids  have  settled,  a 
piece  of  filter  paper  is  saturated  with  the  solution  and  then 
allowed  to  dry.  The  operation  is  repeated  five  or  six  times 
in  succession,  in  order  to  completely  saturate  the  paper. 
After  it  is  calcmedi  the  ash,  when  gold  is  present,  has  a 
purple  color*  This  color  should  disappear  quickly  if  the  ash 
is  cootstened  with  bromine  water.  The  test  may  be  modified 
in  the  following  manner;  Cover  a  quantity  of  the  powdered 
ore.  say  120  grams,  with  bromine  water  and  filter  ihe  solution 
after  it  has  been  agitated  for  about  an  hour.  On  adding  chlu- 
ride  tin,  the  solution,  if  gold  is  present,  will  turn  a  purple  color, 
which  is  known  as  the  Purple  of  Cassius,  In  the  case  of 
sulphides,  the  ore  should  be  previously  roasted,  and  when 
the  mineral  contains  a  considerable  proportion  of  carbonate 
of  lime,  it  should  be  calcined  in  the  presence  of  ammonia 
carbonate* 


78.  nushlniy, — When  the  prospector  finds  the  rock  of 
the  hillside  that  he  wishes  to  examine  covered  with  a  layer 
of  drift,  it  may  be  possible  to  remove  the  earth  and  expose 
the  rock  by  the  process  called  hU8hlnj|.  This  is  really 
ground  sluicing  to  remove  the  earth.  The  water  is  either 
confined  in  a  reservoir  near  the  top  of  the  gulch,  and  sud- 
denly released  to  plow  its  way  down  the  valley,  and  so  carry 
much  of  the  earth  with  it.  or  else  a  ditch  is  dug  from  some 
creek  and  carried  along  the  hillside  until  it  gains  a  sufficient 
height  above  the  valley,  when  it  is  allowed  to  flow  down  over 
the  hill.  Frequently,  the  earth  in  the  course  of  the  water  is 
loosened  with  a  pick  and  the  stream  made  to  carry  it  away. 
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Under  favorable  circumstances,  a  man  can  move  more  earth 
in  a  day  by  hushing  than  he  could  in  several  weeks  with  a 
pick  and  shovel;  but  it  is  seldom  that  this  system  is  practiced, 
unless  the  prospector  is  sure  he  has  s^old  and  wishes  to  mine 
rather  than  prospect.  

liOCATING  liODE  CliAIMS 


UNITED    STATES    PRACTICE 

79.  Public  liands. — If,  as  the  result  of  investigation, 
the  prospector  considers  the  deposit  a  promising  one,  he 
proceeds  to  locate  it  according  to  the  laws  of  the  district 
in  which  the  property  lies.  All  valuable  mineral  deposits  in 
lands  belonging  to  the  United  States,  both  surveyed  and 
unsurveyed,  are  free  and  open  to  exploration  and  purchase, 
except  land  in  Michigan,  Wisconsin,  Minnesota,  Missouri, 
Kansas,  and  Alabama.  All  lands  so  excepted  are  open  to 
exploration  and  purchase,  according  to  legal  subdivisions,  in 
tracts  of  not  more  than  160  acres,  as  agricultural  lands.  All 
other  lands  situated  on  the  public  domain  are  subject  to 
exploration,  location,  and  purchase  as  mineral  lands.  The 
locators  of  all  mineral  lands  have  exclusive  right  of  posses- 
sion and  enjoyment  of  all  the  surface  included  within  the 
limits  of  every  location,  and  of  all  veins,  lodes,  and  ledges 
throughout  their  entire  depth,  the  top,,  or  apex,  of  which  lies 
inside  of  such  surface  lines.  Lode  locations  are  the  with- 
drawal of  surface  area  from  the  public  domain,  with  under- 
ground rights  to  all  the  area  within  the  surface  lines;  hence, 
valid  locations  cannot  overlap  in  law,  and  the  area  in  conflict 
must  be  excluded  from  one  or  the  other  of  the  conflicting 
locations.  The  lode  may  be  followed  beneath  the  side  lines 
and  the  surface  ground  of  a  prior  location,  provided  the  lode 
does  not,  in  its  course,  intersect  with  a  lode  that  has  its  apex 
within  the  surface  ground  of  the  prior  location,  in  which  case 
it  may  be  followed  only  to  the  point  of  intersection. 

80.  Size  of  Claim. — The  mining  laws  of  the  United 
States  limit  the  dimensions  of  a  lode  claim  to  1,500  feet  along 
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the  course  of  the  vein  by  600  feet  wide,  horizontal  distance — 
[  300  feet  on  each  side  of  the  center  of  the  vein  at  the  discovery 
shaft »     In  Colorado,  the  State  Legftslattire  has  fixed  the  legal 
width  of  a  claim  at  300  feet*  except  in  the  case  of  Gilpin , 
Clear  Creek,  Boulder,  and  Summit  Counties,  where  the  limit 
is  150  feet.     In  all  other  states  and  territories,  the  dimen- 
sions specified  by  ihe  act  of  Congress  of  1872 — 1,500  feet  by 
600  feel — hold,  and  can  under  no  circumstances  be  exceeded 
for  individual  claims.     Under  the  United  States  laws,  no  local 
I  laws  are  allowed  to  curtail  the  length  of  a  claim,  though  the 
width  may  be  reduced  to  not  less  than  25  feet  on  each  side  of 
(  the  middle  of  the  vein  at  the  surface.     The  only  provision  in 
the  United  States  mining  laws  in  regard  to  the  shape  of  the 
claim  is  that  the  end  lines  must  be  parallel.     The  side  lines 
may  run  in  any  direction  so  long  as  they  are  nowhere  more 
•  than  the  legal  distance  apart,  and  the  location  will  still  hold. 
i  They  are  usually  surveyed  parallel  to  the  center  line,  however, 
'  and  at  the  maximum  legal  distance  from  it»  when  such  a  course 
will  not  bring  them  in  legal  contact  with  other  properties* 

81.  Discovery  Shaft, ^To  render  a  location  valid  in 
Colorado,  Idaho,  Wyoming,  New  Mexico,  Arizona,  and  Mon- 
tana, a  shaft,  or  equivalent  opening,  that  will  expose  the  ore 
body  to  a  depth  of  at  least  10  feet  below  the  lowest  point  of 
the  surface  at  the  opening  must  be  made.  In  those  states  in 
which  the  depth  of  the  discovery  shaft  is  not  fixed  by  law,  an 
exposure  of  the  vein  is  all  that  is  necessary,  and  if  the  vein 
outcrops  on  the  surface  no  digging  is  required.  The  dls- 
coTery  Bhaft  is  not  necessarily  the  opening  by  which  the  lode 
was  discovered^  but  merely  a  condition  of  a  valid  location,  sub- 
sequent to  discovery,  and  may  be  sunk  at  any  point  along  the 
vein.  The  statutes  of  Idaho  require  that  any  excavation  that 
will  cut  such  veins  10  feet  from  the  lowest  part  of  the  rim  and 
will  cover  160  cubic  feet  in  extent,  shall  be  considered  a  com- 
pliance with  this  provision*  The  claim  must  be  staked  within 
10  days  of  the  notice  of  discovery.  The  discovery  shaft  must 
be  included  in  the  location,  and  any  change  of  boundaries 
that  includes  the  discovery  shaft  renders  the  location  invalid. 
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82.  liocation  Notice. — The  location  notice  for  lodes  is 
the  same  as  that  for  placers.  The  manual  of  instructions 
issued  by  the  General  Land  Office  for  surveyors-general  and 
deputy  mineral  surveyors,  issued  by  authority  as  **in  strict 
conformity  with  the  United  States  mining  laws  and  the 
decisions  thereunder,  with  which  the  prospector  will  be 
expected  to  strictly  comply,**  gives  the  following  forms  for 
placer  and  lode  location  certificates.  Idaho's  additional 
requirements  are  given  in  parenthesis. 

LOCATION  CERTIFICATE 
Lode  Claim 

State  of 

County  of 

Know  all  men  by  these  presents,  that the  undersigned  [a  citi- 
zen of  the  United  States  (or  has  declared  his  intention  to  become  such)  of 

the  age  of  21  years] ,  has  this day  of IIX) ,  located 

and  claimed,  and  by  these  presents  does  locate  and  claim,  by  right  of 
discovery  and  location,  in  compliance  with  the  mining  acts  of  Congress, 
approved  May  10th,  1872,  and  all  subsequent  acts,  and  with  local  cus- 
toms,   laws,    and    regulations, linear   feet   and    horizontal 

measurement  on  the  Birthday  lode,  vein,  ledge,  or  deposit,  along  the 
vein  thereof,  with  all  its  dips,  angles,  and  variations,  as  allowed  by 

law,  together  with feet  on  the side  and 

feet  on  the. side  of  the  middle  of  said  vein  at  the  surface,  so 

far  as  can  be  determined  from  present  developments,  and  all  veins, 
lodes,  ledges,  or  deposits  and  surface  ground  within  the  lines  of  said 

claim,  and- _feet  running  N  48°4*>'  E  from  center  of  discovery 

shaft;  said  discover>'  shaft  being  situate  on  said  lode,  vein,  ledge,  or 
deposit,  and  within   the  lines  of  said  claim,  in  Wild   Horse  Mining 

District,  county  of and  state  of ,  described  by 

metes  and  bounds  as  follows,  to  wit:  Beginning  at  comer  No.  1, 
whence  corner  to  Sees.  17,  18,  19,  and  20,  T.  14  S.  R.  69  W  bears 
S  27°  28'  E  39.S.26  feet,  thence  N  17°  38'  E  831.34  feet  to  corner  No.  2, 
thence  N  48°  W  E  (JGl  .7  feet  to  corner  No.  3,  thence  S  41°  14'  E  300  feet 
to  corner  No.  4,  thence  S  4S°  46'  W  578  feet  to  corner  No.  5,  thence 
S  17°  38'.  W  929.04  feet  to  corner  No.  H,  thence  N  41°  14'  W  3o0.48  feet 
to  corner  No.  1,  the  place  of  beginning  (and  that  I  intend  to  hold  and 
work  .said  claim  in  accordance  with  the  laws  of  the  United  States  and 
of  the  State  of  Idaho). 

(Dated  on  ground.        . .  UK)       )        Discovered 190_  . 

Date  of  certificate 1<K)    _  (located 190. _  ) 

(Filed UK) )        (Recorded 190_) 
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The  placer-location  certificate,  when  the  location  is  on  unsur- 
veyed  ground,  is  to  be  substantially  like  the  lode  certificate. 

83.  Staking  liOde  Claim. — Having  decided  on  the 
course  of  his  claim,  the  prospector  must  mark  its  boundaries, 
by  means  of  stakes,  or,  if  these  are  not  obtainable,  by  monu- 
ments of  stone  or  earth.  (A  stump  or  boulder  properly 
marked  fully  answers  the  purpose  of  a  stake.)     The  stakes 
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Fig.  jo 

should  be  at  least  4  inches  square  and  3  feet  long,  and  should 
be  set  18  inches  in  the  ground.  One  such  stake,  blazed  on 
the  side  toward  the  claim  and  marked  with  the  name  of  the 
lode  and  the  number  of  the  corner,  is  set  at  each  corner  of  the 
claim.  When  the  center  line  of  the  claim  is  straight,  a 
similar  stake  is  set  in  the  middle  of  each  side  line,  blazed 
on  the  inside,  and  marked.  When  the  center  line  is  broken, 
stakes  are  set  at  all  angles  of  the  side  lines  and  numbered* 
qComsr  CenteroStake  oCam^r 
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Fk;.  '21 
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continuously  around  the  claim,  starting  with  one  of  the  corner 
stakes,  as  No.  1.  Only  the  stakes  at  the  angles  are  num- 
bered, center  stakes,  when  present,  being  merely  marked  as 
such.  In  the  Dakotas  and  in  Arizona,  a  stake  is  required  in 
the  middle  of  each  end  line. 


^ 
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Fig.  20  is  a  diagram  of  a  lode  correctly  located  under  the 
present  law  in  Colorado  and  most  of  the  other  mining  states 
and  territories.  Fig.  21  shows  the  lines  that  it  is  necessary 
to  run  for  the  prospect  survey. 

When  a  stake  cannot  be  driven,  on  account  of  bed  rock,  it 
should  be  fixed  in  a  pile  of  stones.  If,  on  account  of  pre- 
cipitous ground,  it  is  impossible  to  set  the  stake  where  It 
belongs,  a  witness  stake  should  be  set  at  the  nearest  avail* 
able  point  along  one  of  the  lines  of  the  survey,  and  suitably 
marked  to  designate  the  position  of  the  corner, 

84.  Rlgrhts  of  tlie  Locator, — Having  properly  located 
the  claim  and  recorded  the  location  with  the  recorder  of  the 


county  or  district,  the  prospector  is  entitled  to  all  veins 
apexmg  within  his  boundaries  that  are  not  already  claimed* 
and  may  work  such  veins  on  their  dip»  to  their  full  depth,  for 
the  distance  between  the  parallel  vertical  planes  of  the  end 
lines;  under  no  condition,  however,  can  he  follow  the  vein 
outside  of  the  vertical  planes  of  the  end  lines.  If  the  vein, 
in  its  dip,  turns  and  crosses  the  end  line,  he  loses  all  right  to 
follow  it  on  its  dip  beyond  where  it  crosses.  Thus,  he  may 
follow  the   lode  indefinitely  if,  as  in  Fig,  22,  it  remains 
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within  the  end  lines;  but  if  it  turns  and  passes  out  through 
either  end  line,  as  in  Fig.  23,  he  has  no  claim  to  any  portion 
of  the  lode  beyond  the  end  line. 

The  terms  ^^.v  and  outcrop  must  not  be  confounded. 
Flat,  stratified  deposits— such  as  coal  beds,  the  zinc-ore  beds 
of  Missouri,  or  even  blanket  veins^ — cannot  fairly  be  consid- 
ered to  have  an  apex,  or  highest  part,  though  they  may 
have  a  well-defined  outcrop. 

In  the  cases  of  coal  and  2inc  beds  and  stone  quarries,  no 
extralateral    rights    are    ever    granted,    the    locator  being 
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entitled  to  that  portion  ot  the  bed  vertically  beneath  his  sur- 
face  location*  The  case  of  fiat  veins  and  blanket  deposits, 
though  coming  under  another  statute,  would  appear  analo- 
gous, and  is  generally  so  considered  by  the  courts,  A 
location  on  the  outcrop  of  a  vein  with  a  dip  of  8*^  was  held 
to  give  the  locator  no  extralateral  rights*  and  subsequent 
locations  made  on  the  dip  of  the  same  vein  were  held  to  be 
valid,  with  the  same  restrictions, 

85,     Apex  ana  Side  X-lne, — If   the  apex  crosses  one 
side  line,  as  in  Fig.  24,  the  courts  have  dedded  that  the 
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Fig.  24 


point  a  of  departure  of  the  vein  becomes  in  effect  one  point 
of  an  end  line  ab  parallel  to  the  other  end  line,  beyond 

which  the  locator  has  no 
rights  on  the  vein. 

86.  Apex  and  End 
lilnes.  —  If  the  apex 
crosses  both  side  lines, 
the  same  rule  usually 
holds,  each  end  line  being 

moved  to  the  nearest  point  of  intersection  of  the  vein  with 

the  side  line,  as  indicated  by  the  dotted  lines  in  Fig.  25;  or 

the  court  may  fix  through     >^^^ 

these  points  end  lines  at     .     v^^ 

right  angles  to  the  strike 

of  the  vein.     If,  however, 

the  apex  intersects  the 

side  lines  at  a  high  angle, 

as  in  Fig.  26 — in  the  words 

of  the  ruling,   **substanti- 

ally  at  right  angles" — so 

that  the  distance  between  the  end  lines,  if  moved  in,  would 

be  less  than  the  legal  width   of  the  claim,  the  side  lines 

become  in  effect  end  lines  and  the  rights  of  the  locator  are 

limited  by  the  vertical  planes  of  both  side  and  end  lines. 

87.     Court   Decisions   Uejji:ardliif?  the  Apex. — If  the 

apex  departs  from  one  side  line  twice,  as  in  Fig.  27,  the 

locator  is  entitled  to  only 
that  portion  of  the  vein 
within  the  vertical  planes 
of  his  side  lines.  Such 
cases  as  these,  however, 
are  more  or  less  in  the 
hands  of  the  courts,  and 
mining  cases  are  always  in 
doubt  until  the  final  deci- 
sion of  the  highest  court  has  been  made.  The  construction 
that  a  court  may  put  on  certain  phrases  and  conditions  of  the 
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Statutes  is  frequently  totally  unexpected  and  without  prece- 
dent»  so  that  the  prospector  in  locating  his  claim  should 
exercise  the  utmost  care  to 
have  it  incontestable  so  as 
to  avoid  future  trouble. 

88.  The  Form  of  a 
Mlnltipc  CUilm,— The 

form  of  the  mininjg;  claim 
does  not  have  to  be  rect- 
angulan  but  may  be  laid  out  as  shown  in  Fig",  28|  in  which 
case  the  line  Ati B  is  supposed  to  approximately  follow  the 
vein,  but  its  length  must  not  be  over  1,500  feet.  The  end 
lines  through  the  points  A  and  B  cannot  be  over  the  full 

width  of  the  claim,  as  allowed 
by  law,  and  must  be  parallel 
to  each  other;  that  is,  the 
line  ab  passing  through  the 
point  A  must  be  parallel  to 
the  line  cd  passing  through 
the  point  B.  The  side  lines 
are  parallel  to  the  center  line, 
and  in  no  place  should  the  per- 
pendicular distance  between 
them  beover  the  allowed 
width  of  the  claim.  These 
angular  claims  are  used  to  overcome  the  difficulties  illus- 
trated in  Figs.  24»  25,  26,  and  27.  The  stakes  are  num- 
bered as  in  the  case  of  reclang^ular  claims*  and  may  start 
from  the  point  ^i*  and  be  numbered  in  order,  as  shown  in 
Fig.  28, 

89.  Loeatlon  Survey* — For  the  location  notice,  it  is  not 
necessary  that  the  survey  of  the  claim  be  tied  to  a  special 
government  monument,  patent  corner,  or  section  corner.  It 
is  considered  sufficient  if  it  is  tied  to  some  natural  landmark 
or  to  a  monument  that  can  easily  be  identified*  When  the 
claim  is  finally  surveyed  for  patent,  the  survey  must  be  tied 
to  a  government  monument  or  section  corner. 
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90.  Annual  liabor. — To  hold  a  claim  until  it  is  patented, 
the  locator,  or  owner,  must,  each  calendar  year,  perform  at 
least  $100  worth  of  labor  in  actual  development  of  the  prop- 
erty, or  make  improvements  of  that  value,  such  as  buildings, 
machinery,  etc.,  until  the  total  sum  amounts  to  $500.  Where 
a  number  of  claims  are  worked  as  a  group,  provided  the 
ownership  of  the  claim  is  a  common  one  and  the  claims  are 
contiguous  and  the  work  done  develops  or  benefits  each 
claim  of  the  group,  the  work  may  be  done  on  any  one  claim 
of  the  group. 

91.  liOcatlDg  Minerals  In  the  Eastern  and  South- 
ern Portions  of  the  United  States. — In  the  eastern  and 
southern  portions  of  the  United  States,  the  discoverer  is  not 
allowed  to  stake  out  a  claim,  as  in  the  West,  but  must  pur- 
chase the  land  on  which  the  mineral  occurs  from  the  govern- 
ment. If  the  land  is  owned  by  private  parties,  he  may 
purchase  it  from  them,  or  obtain  the  privilege  of  mining  the 
mineral  by  paying  a  royalty  on  a  definite  lease.  In  these 
regions,  the  mining  must  be  confined  to  the  vertical  planes 
passing  through  the  boundaries  of  the  property;  in  other 
words,  the  miner  is  not  allowed  to  follow  his  vein  under 
another  person's  property. 


BRITISH    COLUMBIAN    PRACTICE 

92.  Size  and  Shape  of  Claim. — A  mineral  (lode) 
claim,  according  to  the  mining  laws  of  British  Columbia, 
may  be,  but  cannot  exceed,  1,500  feet  square.  All  angles 
must  be  right  angles;  that  is,  the  claim  must  be  rectangular. 
Two  sides  of  the  claim  must  be,  as  nearly  as  possible, 
parallel  to  the  general  course  of  the  vein. 

93.  Discovery  of  Vein. — To  make  a  location  valid, 
ore  must  be  discovered  in  place,  as  in  the  American  laws, 
but  there  are  no  regulations  as  to  openings.  A  discovery 
post  must  be  placed  as  near  as  possible  to  the  point  of  dis- 
covery. This  must  be  the  ordinary  legal  post  described 
under  British  Columbian  Placer  Laws  (see  Art.  39). 
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I    94,     staking,— Besides  the  discovery  post,  the  Canadian 

prospector  is  obliged  to  set  only  two  other  posts  (see 
Fig:*  29);  these  are  set  along  the  line  of  the  vein,  not  more 
than  1,500  feet  apart.  They  must  be  legal  posts,  and 
numbered  separately  No,  1  and  No.  2*  On  No,  I  posts  there 
must  also  be  written  the  words  *' initial  posts,*'  the  approxi* 
mate  compass  bearing  or  direction  of  No*  2  post»  and  a 
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Statement  of  the  number  of  feet  the  locator  claims  on  each 
side  of  the  line  between  the  two  posts^  known  as  the  locaiiofi 
line.    Thus: 

I  Initial  post.     Post  No.  2, 1 .500  f^et  northeasterly.    900  feet 

of  this  claim  lies  oq  the  right  and  600  feet  oo  the  left  of  the 
line  frtjm  No.  1  to  No,  2  post* 

The  location  line  should  be  marked  in  such  a  way  that  it 
can  be  plainly  seen*  If  the  country  is  timbered,  the  trees 
are  to  be  blazed,  and  the  underbrush  removed  along  the 
line;  if  it  is  open,  legal  posts,  or  monuments  of  earth  or 
stone  are  to  be  set  up  not  less  than  2  feet  high  and  2  feet  in 
dianieler  at  the  base,  so  that  the  line  can  be  easily  traced* 

Once  set  and  recorded,  No*  1  post  cannot  be  moved  or 
tampered  with  in  any  way.  If  the  distance  between  No*  1 
and  No.  2  is  found  to  be  more  than  1,500  feet,  the  Provincial 
land  surveyor  can  move  No*  2  in  to  the  proper  point;  if, 
however,  the  distance  is  less  than  1,-500  feet,  it  cannot  be 
changed  after  the  claim  is  recordedp 

^  95.  Record  I  niBf- — The  prospector  is  given  15  days  from 
the  date  of  location  in  which  to  record  a  claim,  if  within 
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10  miles  of  the  recorder's  office,  and  1  additional  day  for 
each  10  miles  or  fraction  thereof  beyond  that  distance. 
A  claim  not  recorded  within  the  time  prescribed  will  be 
considered  abandoned. 

96.  Abandonment. — The  law  regarding  abandonment 
is  the  same  as  for  placer  claims,  except  that  it  is  not  neces- 
sary to  work  claims  continuously  in  order  to  hold  them. 
Without  a  written  permit  from  the  gold  commissioner,  a  free 
miner  cannot  relocate  a  claim  that  he  has  abandoned  or 
forfeited. 

97.  Annual  Ijabor. — Work  must  be  done  on  the  claim 
or  in  proximity  to  it,  with  intent  to  develop  it,  to  the  amount 
of  $100  a  year»  from  the  date  of  recording,  and  an  affidavit 
must  be  filed  with  the  gold  commissioner,  setting  out  a 
detailed  statement  of  the  work  done,  before  the  expiration 
of  each  year  from  the  date  of  record.  Unlike  the  American 
law,  surveying  done  on  the  claim  within  1  year  from,  the 
date  of  record,  to  an  amount  not  to  exceed  $100,  is  counted 
as  development  work.  Two  or  more  miners  may  work 
their  claims  as  a  group,  after  having  filed  a  notice  of  such 
intention,  and  all  the  work  for  the  group  may  be  done  on 
one  claim. 
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1.  Mtntiij?  Throujjh  Tunnels,— In  1S72,  about  the  time 
the  Sutro  tunnel  was  driven  to  unwater  the  mines  of  the 
Comstock  lode,  in  Nevada,  a  tunnel  fad  was  introduced. 
Tunnel  sites  were  located  in  various  parts  of  the  West  wher- 
ever there  were  deep  cafions  between  mountains  that  were 
known  to  contain  rich  veins  of  ore,  the  object  of  the  tunnels 
being  to  cross-cut  a  rich  vein  ot  ore  that  appeared  at  the 
surface  and  possibly  to  discover  other  veins  that  showed  no 
surface  outcrop.  Enterprises  of  this  nature  are  wholly 
speculative,  unless  their  purpose  is  to  unwater  mines  or  to 
tap  a  vein  known  to  extend  to  the  depth  of  the  tunnel  level. 
Moreover,  they  are  expensive  undertakings,  as  the  cost  of 
tunnel  driving  approximates  $25  a  cubic  yard,  and  since  the 
excavation  must,  to  a  considerable  extent,  be  made  in  barren 
ground,  the  economy  to  be  established  by  their  construction 
is  a  subject  requiring  more  than  a  passing  thought, 

2.  Value  of  Tunnels. — The  mining  tunnels  excavated 
without  some  definite  object  in  view  have  so  far  proved 
unremunerative;  since,  while  a  cross-cut  tunnel  may  find  a 
lode,  it  does  not  determine  its  value  without  the  expenditure 
of  additional  exploration  work  and  ultimately  the  sinking  of 
shafts  from  the  surface*     Unless  the  vein  has  been  w^orked 
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to  a  depth  equal  to  that  of  the  tunnel  level,  there  is  no  cer* 
tainty  whatever  that  the  vein  will  be  met  by  driving  a  tunnel. 
While  the  advantage  to  be  derived  from  cheaper  transporta- 
tion through  a  cross-cut  tunnel  is  not  ordinarily  enough  to 
warrant  the  expenditure  necessary  for  its  construction,  yet, 
at  a  large  mine,  the  advantages  of  drainage — with  or  without 
the  incidental  saving  in  transportation  and  gain  in  ventila- 
tion^may  warrant  such  an  outlay.  The  value  of  the  tunnel, 
however,  depends  entirely  on  the  amount  of  water  to  be 
handled,  which— like  all  other  factors  determining  the  advis- 
ability of  the  long  tunnel— can  only  be  known  after  the 
development  of  the  mine  or  mines  to  be  benefited  has  pro- 
gressed considerably.  According  to  Doctor  Raymond,  il 
is  as  absurd  to  run  a  cross-cut  tunnel  after  blind  lodes  as 
it  is  to  sink  a  shaft  haphazard  in  dead  rock.  Unless  there  is 
some  income,  such  as  tunnel  royalty  due  to  un watering 
several  mines  in  one  location,  the  enterprise  is  likely  to 
prove  disastrous  financially.  Some  of  the  large  number  ol 
tunnels  driven  have  been  total  failures,  while  probably  not 
one,  the  Sutro  tunnel  included,  ever  did  or  ever  will  repay 
its  cost. 


3.  TuDiiel  Elgrlits,— Section  2323  of  the  Revised  Stat- 
utes of  the  United  States  in  regard  to  tunnel  rights  reads 
as  follows: 

Where  a  tunnel  is  nin  for  the  development  of  a  vein  or  lode,  or  for 
the  discovery  of  mines,  the  owners  of  such  tunnel  sbaU  have  the  right 
of  possession  of  alt  veins  or  lodes  within  3,000  feet  from  the  face  of 
such  tunnel  on  the  line  thereof,  not  previously  known  to  exist,  dis- 
covered in  such  tunnel,  to  the  same  e^Jtent  as  if  discovered  from  the 
surface;  and  locations  oo  the  line  of  such  tunnel  of  veins  or  lodes  not 
appearing  on  the  surface,  made  hy  other  parties  after  the  coinraence- 
ment  of  the  tunnel,  and  while  the  same  is  being  prosecuted  with 
reasonable  diligence,  shall  be  invalid;  but  failure  to  prosecute  the 
work  on  the  tunnel  for  6  montbs  shall  be  considered  as  an  abandon* 
ment  of  the  right  of  all  undiscovered  veins  on  the  line  of  such  tuiuael. 

4.  Definition  of  Tiituiel. — In  civil  engineering,  the 
word  tnnnel  is  used  to  indicate  an  excavation  made  throngb 
a  hill  and  having  two  openings — ^one  at  each  end.     In  mining 
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engineering^  this  meaning  has  been  perverted,  and  any 
excavation  made  in  a  hill  is  termed  a  tunnel,  and  is  so 
considered  in  law.  If  the  tunnel  is  driven  through  barren 
ground,  with  the  object  of  reaching  a  real  or  an  imaginary 
ore  deposit,  it  is  termed  a  cross<ui  hmnei;  if  it  is  excavated 
in  a  deposit,  it  is  called  an  adii  drift,  or,  simply,  a  dri/i 

6,  Tunnel  Face.— Every  rectangular  tunnel  has  five 
walls^  namely,  two  sides,  a  roof,  a  floor,  and  a  face*  ^^e 
and  drrasi  are  synonymous  terms,  meaning  the  end  within 
the  tunnel  farthest  removed  from  the  entrance,  and  where  the 
work  must  be  carried  on  to  extend  the  excavation.  If  Sec- 
tion 2323  of  the  Revised  Statutes  were  to  be  taken  literally, 
the  owners  of  the  tunnel,  as  that  excavation  advances,  would 
always  have  a  right  to  own  3,000  feet  beyond  the  tunnel 
face;  as  this,  of  course,  would  be  intolerable,  and  give 
tunnel  owners  rights  to  which  they  were  not  entitled,  the 
Land  Office  has  construed  the  term  /ace  to  be  the  first  work- 
ing face  formed  in  the  tunnel,  and  to  signify  the  point  at 
which  the  tunnel  acinally  enters  cover,  it  being  from  this 
point  that  the  3,000  feet  is  to  be  measured. 

6*     Maklti^  a  Tunnel   Jjoeatlou. — Regarding   tttnnel 

locations,  the  regulations  of  the  United  States  mining  laws, 
relating  to  Section  2323,  Revised  Statutes,  are  as  follows: 

To  avail  themselves  of  the  beneRts  of  this  provision  of  taw,  the 
proprietors  of  a  raioing  tunnel  will  be  required  at  the  time  they  enter 
cover  as  aforesaid  {Art.  5)»  to  gi%*e  proper  notice  of  their  tnnnel  loca- 
tion by  erecting  a  substantial  po!5t,  board »  or  monument  at  the  face  or 
point  of  commencement  thereof,  upon  whkh  should  be  posted  a  good 
and  sufficient  notice,  giving  the  names  of  the  parties  or  company 
claiming  the  tunnel  ngfct;  the  actual  or  proposed  course  or  direction 
of  the  tunneh  the  height  and  width  thereof,  and  the  course  and  dis- 
tance from  such  face  or  point  of  commencement  to  some  permanent 
well-known  objects  in  the  vicinity  by  which  to  fix  and  determme  the 
locus  in  manner  heretofore  set  forth  applicable  to  locations  of  veins  or 
lodes;  and.  at  the  time  of  posting  such  notice,  they  shall,  in  order 
that  miners  or  prospectors  may  be  enabled  to  determine  whether  or 
not  they  are  within  the  Jiaes  of  the  tunnel,  establish  the  botindary 
lines  thereof,  by  stakes  or  monumeots  placed  along  such   lines  at 
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proper  mtervats,  to  the  termititis  of  the  S»000  feet  from  the  face  or 
point  of  commencement  of  the  tunnel,  and  the  lines  so  marked  will 
define  and  govern  as  to  the  specific  boundaries  within  which  prospect- 
ing for  lodes  not  previously  known  to  exist  is  prohibited  while  work 
on  the  tunnet  is  being  prosecuted  with  reasonable  diligence. 

It  will  be  noticed  that  the  boundary  lines  of  a  tucmel  ara 

to  be  established  by  stakes  and  monuments  at  proper  inter- 
vals from  the  face  to  the  terminus  of  the  3,000  feel  of 
length.  The  law  mentions  only  the  line  of  the  tunnel,  and* 
as  this  line  could  be  sufficiently  shown  by  monuments  along 
the  axis,  there  seems  to  be  no  reason  for  staking  out  a 
parallelogram  3^000  feet  long  and  S  feet  wide, 

7.  Line  of  a  TunneK— According  to  Doctor  Raymond, 
there  is  some  reason  to  believe  that  the  original  idea  of  the 
framers  of  Section  2323,  Revised  Statutes,  was  that  a  tunnel 
locator  might  lay  out  a  tract  of  land  1,500  feet  wide^ihat  is, 
750  feet  on  each  side  of  the  tunnel  by  3,000  feet  long— as 
the  area  within  which  every  other  location  should  be  invalid 
while  he  continued  to  work.  Some  Colorado  adventurers 
that  entertained  this  view  of  the  kw  undertook,  by  marking 
off  tunnel  locations  side  by  side  along:  the  foot  of  the  moun- 
tain,  t6  monopolize  a  large  amount  of  mineral  ground. 
Public  indignation  aroused  by  this  attempt  resulted  in  a 
hasty  retreat  from  the  position  they  had  taken,  and  a  letter 
from  the  Commissioner  of  the  General  Land  Office,  Septem- 
ber 20,  1872,  declared: 

That  the  line  of  the  tunnel  is  held  to  be  the  width  thereof  and  no 
more,  and  upou  this  line  one  prospecting  for  blind  lodes  is  prohibtted, 
while  the  tunnel  h  in  progress,  and  that  the  right  is  granted  to  tunnel 
owners  to  1,500  feet  of  each  blind  lode,  not  previously  known  to  exist, 
which  may  be  discovered  in  the  tunnel;  but  that  other  parties  are  in 
no  way  debarred  from  prospecting  for  blind  lodes  or  running  tunneh 
so  long  as  they  keep  without  the  line  of  the  tunnel  as  herein  defined, 
the  said  One  beiug  required  by  our  regulations  to  he  marked  on  the 
surface  by  stakes  or  monuments  placed  along  the  same  from  the  face 
or  point  of  commencement  to  the  terminus  of  the  tunnel  line  aforesaid. 

8*     Ltode  Discovered   In  a  Tunnel- — With  regard   to 

the  location  of  a  lode  discovered  in  a  tunnel,  the  land  office 
has  held  that  oo  patent  can  be  issued  without  a  surface 
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locaUon,  and  that  this  surface  location  must  include  the 
apex.  The  United  States  Supreme  Court  has  ruled  that  a 
failure  to  mark  on  the  surface  the  boundaries  of  a  claim  will 
not  destroy  the  right  of  the  tunnel  owner  to  veins  discovered 
in  the  tunnel,  provided  that  he  posted  proper  notices  at  the 
mouth  of  the  tunnel  and  filed  them  in  the  Land  Office  as 
required  by  the  local  statutes* 

9.  Filing  a  Tunnel  Claim, — Regarding  the  filing  of  a 
tunnel  claim ,  the  provisions  of  the  United  States  mining; 
laws  are  as  follows: 

At  Ihe  time  of  posting  notice  and  marking  out  the  lines  of  the 
tunnel  as  aforesaid  (Art,  0),  a  full  and  correct  copy  of  such  notice  of 
location  defining  the  tunnel  clainf  must  be  filed  for  record  with  the 
mining  recorder  of  the  district,  to  which  notice  must  be  attached 
the  sworn  statement  or  declaration  of  the  owners,  claimants,  or 
projectors  of  such  tunnel,  setting  forth  the  facts  in  the  case;  stating 
the  amount  expended  by  themselves  and  their  predecessors  in  interest 
in  prosecuting  work  thereon;  the  extent  of  the  work  performed,  and 
that  it  is  bona  fide  their  intentioa  to  prosecute  work  on  the  tunnel  so 
l«^cated  and  described  with  reasonable  diligence  for  the  development 
of  a  vein  or  lode,  or  for  the  discovery  of  mines,  or  both,  as  the  case 
may  be.  This  notice  of  location  must  be  duly  recorded,  and,  with 
the  said  sworn  statement  attached,  must  be  kept  on  the  recorder's 
files  for  future  reference* 

10.  Assessment  Work.^ — The  tunnel  owner's  rights  of 
possession  date  by  relation  back  to  the  time  of  location  of 
the  tunnel  sight.  Section  2324  of  the  Revised  Statutes  was 
amended,  in  1875,  to  read  as  follows: 

Where  a  person  or  company  has  or  may  run  a  tunnel  for  the  pur- 
pose of  developing  a  lode  or  lodes,  owned  by  said  person  or  company, 
the  money  so  expended  in  said  tunnel  ^ball  be  taken  and  considered 
as  expended  on  said  lode  or  lodes*  whether  located  prior  to  or  since 
the  passage  of  said  act;  and  such  person  or  company  shall  not  be 
required  to  perform  work  on  the  surface  of  said  lode  or  lodes  in  order 
to  hold  the  same  as  required  by  said  act. 

In  regard  to  the  facts  discovered  in  the  tunnel,  Doctor 
Raymond  says  that  the  preponderance  has  been  given  to  the 
principle  of  discovery  over  the  principle  of  the  apex  law; 
and  the  result  in  many  cases  is  going  to  be  one  of  confusion. 
For  instance,  the  locator  on  the  surface  is  by  law  ^ven  rights 
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in  all  lodes  apexingf  within  the  location,  whether  they  an 
blind  lodes  or  not.  Such  a  location,  if  made  before  any 
tunnel  was  commenced,  would  undoubtedly  be  valid  against 
the  tunneL  If  a  blind  lode  first  struck  in  the  tunnel  should 
prove  to  have  its  apex  within  such  a  prior  and  varied  surface 
location,  and  therefore  to  have  been  withdrawn  fram  the  pub- 
lic domain  before  any  tunnel  rights  existed  in  the  premises, 
the  tunnel  owmer  cannot  claim  it. 

11,  Tunnel  Claims. — The  United  States  Supreme  Court 
has  ruled  that  the  location  of  a  claim  to  a  vein  discovered  by 
a  tunnel  may  he  taken  the  full  length  of  1,500  feet  allowed 
by  the  United  States  Statutes  (Section  2S20)  on  either  side  of 
the  tunnel,  or  in  whatever  portion  of  it  on  either  side  that  the 
locator  may  desire;  and  the  claim  is  not  limited  to  750  feet 
on  each  side  of  the  tunnel  on  account  of  a  failure,  when  the 
tunnel  is  located,  to  indicate  what  particular  1,500  feet  would 
be  claimed.  This  permits  the  tunnel  owner,  by  simply  loca- 
ting his  tunnel,  to  fix  the  date  of  his  title  to  property  that  is 
undiscovered,  without  making  it  necessary,  until  the  property 
is  exactly  discoveredi  that  he  decide  on  where  he  will  locate 
his  claim.  Doctor  Raymond  thinks  that  this  law  should  be 
repealed  or  a  new  law  substituted,  for  the  reason  that,  under 
such  conditions,  no  one  can  safely  go  into  a  tunnel  zone  until 
the  tunnel  locator  has  made  his  discovery  and  exercised  his 
option*  Moreover,  it  seems  to  follow  that,  even  after  a 
tunnel  has  passed  through  the  course  of  an  intersecting  vein 
without  discovering  it,  a  tunnel  owner,  guided  by  develop- 
ments made  by  siu-face  explorers  outside,  can  go  back,  make 
another  search,  find  what  he  is  looking  for,  and  date  his  dis- 
covery back  so  as  to  gain  possession  of  the  bonanza  that  ha^ 
been  rightfully  discovered  by  others. 
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ORE  DEPOSITS 

12,  Plutonic- Rock  Theory,  — According  to  the  P!u- 
tonic  theory,  the  interior  of  the  earth  was  a  fiery  mass,  and 
those  who  hold  that  the  older  rocks,  like  granite,  are  of  fiery 
origin  are  said  to  belong  to  the  Plutonic  schooL  The  Plu- 
tonic rocks  are  those  which  have  probably  cooled  slowly, 
that  is,  at  great  depths,  and  the  name  is  used  to  distinguish 
them  from  volcanic  rocks,  which  cooled  quickly  and  at  the 
surface.  Some  geologists  go  so  far  as  to  assert  that  ore 
deposits  have  been  formed  by  the  agency  of  fire.  Doctor 
Hutton  was  a  strong  advocate  of  the  Plutonic  theory  of  ore 
deposits,  which  is  that  metals  originated  at  great  depths 
under  the  influence  of  heat,  where  they  were  sublimed,  to  be 
later  deposited  in  the  colder  cracks  near  the  surface.  He 
says,  **Ask  the  miner  from  whence  has  come  the  metals  in 
his  veins  of  ore*  Not  from  above  nor  from  the  strata  which 
the  vein  traverses;  these  do  not  contain  one  atom  of  the 
mineral  now  considered*  There  is  but  one  place  from  whence 
those  minerals  may  have  come,  and  that  is  the  bowels  of  the 
earth — the  place  of  power  and  expansion,  the  place  from 
whence  has  proceeded  that  intense  heat  by  which  loose 
materials  have  been  consolidated  into  rocks,  and  the  enor-, 
mous  forces  by  which  the  regular  strata  have  been  broken] 
up  and  displaced." 

13*  Hydrous-Rock  TheOrgr*  ^Directly  opposed  to  the 
Plutonists  are  those  who  assume  that  at  a  great  depth,  rock 
material  is  in  a  plastic  state,  owing  to  heat  and  pressure,  the 
degree  of  plasticity  depending  on  the  intensity  of  the  heat 
and  the  amount  of  the  pressure.  These  rocks  are  known  as 
aqueo-igneous  rocks,  because,  in  order  to  explain  their 
peculiar  crystalline  structure,  it  is  assumed  that  water 
entered  into  their  formation  as  well  as  heat.  On  this 
assumption,  the  theory  of  magmas  is  based*     Maigrmaa  are 
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defined  as  molten  masses  within  the  earth's  crust  and  as  the 
source  of  igneous  eruptions.  This  definition  is»  by  some 
mineralogists,  changed  to  read  (because  it  is  probable  that 
no  fire  entered  into  the  formation  of  some  magmas)  that 
magmas  are  soft,  more  or  less  viscid  masses,  formed  by  heat 
and  the  water  of  crystallization.  This  definition  corresponds 
10  the  accepted  term  of  aqueo-igneoiis  fusion, 

14.  Formation  of  Magmas,— It  is  assumed  that  at  a 
certain  depth  the  pressure  on  a  rock  due  to  the  rocks  above 
it  is  sufficient  to  crush  the  rock,  and,  with  the  aid  of  water 
present,  to  convert  the  mass  into  a  paste.  When  healed  and 
under  pressure,  water  will  dissolve  most  rock  materials 
much  more  effectually  than  when  cold.  The  heat  at  the 
point  where  materials  are  made  plastic  may  be  above  that 
necessary  to  produce  a  fiery  mass  at  the  surface  and  yet  be 
able  to  dissolve  and  hold  the  mass  in  a  fluidal  state,  without 
the  presence  of  fire;  again,  the  heat  may  not  be  sufficient  to 
produce  a  fiery  mass  at  the  surface,  and  yet  be  able  to  hold 
the  minerals  in  a  fluidal  state.  If  magmas  are  formed  by 
aqueo-igneous  fusion,  then  all  volcanic  rocks  may  be  con- 
sidered as  slags  in  which  crystallisiation  is  lacking. 

15»     Hydro  us  Theory  of  Ore  Deposits- — Those  who 

accept  the  hydrous  theory  of  ore  deposits  are  directly  opposed 
to  the  Plutonic  theory  of  ore  deposits,  and  are  also  at  odds 
with  each  other.  The  theory  is  that  mineral  deposits  in  veins 
were  formed  solely  by  the  agency  of  water,  which^  according 
to  one  school,  is  of  atmospheric  origin^  and,  according  to 
another,  is  of  oceanic  character.  The  atmospheric  school 
contends  that  rocks  contain  minerals  that  circulating  waters 
dissolve  and  redeposit  in  cracks  and  fissures. 

The  balance  of  opinion  seems  to  favor  the  hydrous  rather 
than  the  Plutonic  solution  of  the  intricate  problem,  and 
decides  further  that  the  former  agency  derived  its  waters 
from  ocean  currents  and  not  from  the  atmosphere.  This 
view  is  held  because  some  geologist  discovered  in  galena 
ore  distinct  signs  of  the  fossilised  existence  of  what  were 
once  living  creatures  that  thronged  the  sea  in  prehistoric 
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ages*  The  fossils  are  supposed  to  support  the  theory  that 
lead  deposits  are  of  marine  ongin;  this  hypothesis,  however, 
can  hardly  sustain  a  universal  theory,  since  lead  deposits 
have  been  found  in  granites  and  quartz  veins  as  well  as 
limestones. 

16.     Yan  Hise  Theory  of  Ore  DeposltSp— ProL  R,  H, 
Tan  Hise  attacked  the  subject  from  a  new  standpoint.     He 
5k  the  underground  circulation  of  water  as  one  connected 
lanilestation  of  natural  activity,  and  emphasized  the  fact 
that,  in  the  formation  of  ore  deposits,  it  may  at  different 
.times  play  a  parL     Two  conclusions,  however,  he  insisted 
f on;  namely,  that  sulphide  ores  are  generally  deposited  by 
ascending^  waters,  and  that  a  secondary  enrichment  of  such 
ores  is  affected  by  the  agency  of  descending  waters.     Pro- 
fessor Van  Hise  is  right  in  some  of  his  conclusions,  at  least, 
and  his  theory  is  added  to  the  ma^matic  theory  from  the 
fact  ihat,  if  not  entirely  correct,  it  has  circumstantial  evi- 
dence in  its  favor. 
t 

f  17.  Satiirated  Soluttons. — When  a  liquid  will  dissolve 
no  more  of  a  solid,  it  is  said  to  be  satti rated.  Some  liquids 
when  heated  w^ill  dissolve  more  of  a  certain  substance  than 
when  cold,  and  will  moreover  dissolve  the  substance  in  less 
time.  Some  liquids,  under  heat  and  pressure,  will  dissolve 
more  of  certain  solids  than  when  cold  and  not  subjected  to 
pressure.  When  a  liquid  is  saturated  and  can  absorb  no 
more,  a  slight  decrease  in  the  quantity  of  liquid  due  to 
evaporation  will  cause  sitpersahiratwn  of  the  solution,  and  a 
solid  will  be  deposited.  The  best  example  of  this  is  the 
evaporation  of  salt  brine  to  produce  salt.  Some  substances, 
such  as  borax  and  sugar  in  solution,  will,  on  cooling,  crystal* 
lize  out  from  solutions.  Some  minerals,  owing  to  affinity, 
will  crystallize  out  from  weak  solutions.  The  freezing  of 
.salt  water  illustrates  the  action  that  might  occur  when  a 
f  magma  cools.  The  substance  that  first  freezes  out  from  salt- 
water solutions  has  not  the  exact  composition  of  the  solution, 
as  the  salt  concentrates  in  the  unfrozen  part  or  mother  liquor. 
As  freezing  progresses,  and  more  ice  freezes  out,  the  mother 
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liquor  becomes  richer  and  richer  in  salt  until  the  proportici^— 
of  salt  reaches  23.6  per  cent.,  beyond  which  conceutratioj^ 
refuses  to  pass.     From  this  point  freezing' is  unsdective,  and 
that  which  freezes  out  has  the  composition  of  the  mother 
liqtior;  the  mother  liquor,  however,  in  freezing,  splitslinto 
distinct  crystals  of  ice  and  distinct  crystals  of  salt.  ^M 

18,  Metallic  Minerals  In  Magrmas,— All  rocks  fornied 
from  magmas  have  a  crystalline  or  cry  ptocrystalHne  structure, 
and  crystallized  metal  minerals  are  sometimes  found  incor- 
porated in  them  as  a  component  part  of  their  structure. 
Frequently,  one  finds  that  a  rock  is  more  prolific  in  one  kind 
of  mineral  than  another;  and,  when  such  a  mineral  is  of 
metallic  origin,  the  locality  where  it  is  found  is  said  to  be  a 
mineraiized  zopw. 

In  some  cases,  the  metallic  minerals  have  so  increased  as 
to  saturate  the  magma,  and  this,  with  selective  action,  has 
grouped  some  minerals  into  masses,  such  as  the  magnetite,  \ 
pyrrhotite,  and  pyrite  deposits  in  the  Appalachian  Mountains  | 
and  elsewhere*  In  other  cases,  one  will  find  pyrite,  galena, 
and  sphalerite  spangled  through  a  crystalline  limestone; 
again,  pyrite  and  chatcopyrite  or  other  metal  minerals  may 
be  spangled  through  a  mass  of  crystalline  rock  of  the  aqueo- 
igneous  variety,  which  may  also  contain  gold  and  silver. 
From  such  aqueo-igneous  magmas,  ore  deposits  have  probahly 
originated.  It  is  known  that  rocks  will  weather,  and  that 
during  the  weathering  process  solutions  will  be  formed  con- 
taining metallic  minerals,  and  that  these  minerals  will  be 
precipitated  from  these  solutions*  It  is,  of  course,  natural 
that  such  solutions  would  move  downwards  through  any 
crevices  or  openings  in  their  vicinity.  Again,  when  such 
aqueo-igneous  magmas  are  deep-seated,  circulating  waters 
could  dissolve  out  their  minerals,  and,  rising  up  through 
cracks  and  fissures,  deposit  these  minerals  on  the  walls  of 
the  fissures  or  in  adjacent  openings.  ^M 

19-  First  Concentratloti* — The  first  concentration  Is 
that  of  magmatic  masses,  such  as  described  for  magnetite  in 
the  older  formations.  These  masses  are  lenticular  shaped,  and 
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in  some  cases  show  oninistakably  that  they  were  doughy  and 
capable  of  being  molded  to  conform  to  the  bed  rock*  The 
gangue  that  usually  accompanies  magnetite  deposits  is  feld- 
spar, which  likewise  shows  selective  agency;    that  is,  the 

■  feldspar  is  grouped  in  masses  surrounded  by  magnetite,  thus 
making  a  complete  separation  of  the  two  minerals.  Unfortu- 
nately, apatite  seems,  in  some  deposits,  to  have  had  difficulty 

i  in  separating  out  from  magnetite  mother  liquors  until  the 
supersaturation  limit  was  reached,  when  it  separated  and 
crystallized  in  between  the  crystals  of  magnetite.  Deposits 
containing  apatite  require  crushing  and  magnetic  concentra- 

»tion  before  the  two  minerals  are  properly  separated. 
With  the  exception  of  magnetite  and  iron  and  copper 
stilphides,  no  ores  have  been  formed  by  first  concentration 
into  masses;  mineralised  magmas,  however,  are  sometimes 
capable  of  being  worked  at  a  profit,  and  then  they  may  be 
considered  as  the  product  of  first  concentration. 
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20-  Quartz  Deposits,— There  are  two  kinds  of  quartz 
found  in  nature:  one  is  formed  by  being  deposited  from  solu- 
tions, the  other  is  formed  by  the  agency  of  heat.  Quartz 
deposited  from  solutions  may  be  crystallized  in  siK-sided 
prisms  that  have  striation  marksj  or  it  may  be  massive 
(in  fact,  it  is  usually  white  and  massive)  and  be  stained 
pink,  red,  brown,  and,  but  infrequently,  black.  This  kind 
of  quartz  is  vitreous,  but  is  not  vitrified;  it  has  a  splintery 
fracture,  and  a  specific  gravity  of  2.6, 

Quartz  formed  in  a  dry  way  or  by  fire  fusion  has  a  specific 
gravity  of  2*2.  It  is  vitrified  glass,  as  found  in  obsidian  and 
on  the  surface  of  basalt  flows.  As  granite  is  a  typical  magma 
and  contains  water-formed  quartz,  it  follows  that  it  was 
an  aqueo-igneous  magma.  If  a  magma  is  coarse-grained, 
it  has  solidified  slowly^  il  fine-grained^  it  has  solidified 
quickly.  This  assumption  is  based  on  the  fact  that  cast 
iron  will  form  in  fine  crystals  when  chilled  or  hastily  cooled, 
and  in  coarse  crystals  when  slowly  cooled.  Vitrified  quartz 
is  found  in  slags,  but  it  is  not  crystalline.  In  silica,  this 
difference  marks   the  dividing  line  between  aqueo-igneous 
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and  i^eous  rocks,  Amon£  the  former,  one  may  expect  to 
find  ore  deposits^  among  the  latter,  one  need  not  expect 
to  find  them,  for  the  reason  that  the  heat  necessary  to  con- 
vert silica  into  glass  would  also  change  metal  minerals  into 
metals  that  would  separate  out  from  the  silica,  or  else  would 
alloy  with  the  silica  as  a  slag* 

21i  Upward  Secondary  Concentration. — It  iS  well 
known  that  some  ore  deposits  are  formed  by  aqueous  solu- 
tions and  obtain  their  metal  from  magmatic  rocks-  The 
metal  sulphides  are  the  most  common  form  of  metallic 
minerals,  and  in  most  cases,  when  the  minerals  are  in 
another  form,  their  origin  may  be  traced  back  to  sulphides,^ 
Metallic  sulphides  are  slightly  soluble  in  alkaline  sulphides,  " 
and  quite  soluble  in  hyposulphites  of  calcium  and  sodium 
(as  are  gold  and  silver);  and  these  are  often  found  asso* 
ciated  with  alkaline  carbonates  in  hot  springs.  Such  waters, 
if  they  ascended  through  fissures,  would  deposit  their  min- 
erals both  by  cooling  and  by  relief  of  pressure.  Then,  too, 
alkaline  sulphide  waters  that  hold  metallic  sulphides  in 
solution  could  have  their  alkalinity  neutralized,  and  so 
deposit  the  sulphides.  It  may  be  assumed,  therefore,  that 
all  sulphide  deposits  originated  from  magmas,  and  that, 
when  found  in  veins,  they  have  ascended  in  solutions  and 
been  deposited,  ^1 

22.     l>ownward  Secondary  Concentration, — Metallic 
sulphides — particularly  of  iron^  copper,  zinc,  and  lead — caa^ 
be  oxidized  by  the  weather  in   the  order  named.     When  s^| 
affected,  they  are  taken  into  solution  and  deposited  in  another 
form.     Sometimes,   they   are   concentrated   by  this  means, 
particularly  if  the  rock  magma  from  which  they  are  derived 
is  also  weathered.     The  process  may  be  slow,  but  it  is  aH 
sure  one,  " 

Sedimentary  rocks^particularly  lime  rocks  in  the  vicinity 
of  eruptive  rocks— have,  in  some  instances,  been  acted  oB 
by   acid   or  alkaline    sulphide    solutions    holding    metallic 
minerals  in  solution,  and   thus  an   ore  deposit  has  bee 
formed. 
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Both  of  these  kinds  of  ore  deposits  may,  when  they  are 
oxidized  products ^  be  ascribed  to  descending  solutions. 

23*  Third  Concentration. — There  is  no  doubt  but  that 
a  third  concentration  can  occur — as,  for  example,  in  the  case  of 
oxidized  ore  in  veins^  or  io  the  formation  of  the  brown  iron 
ore  called  iimottile,  or  in  the  formation  of  manganese,  etc* 
A  third  concentration  is  also  illustrated  by  placer  deposits 
and  stream  tin  deposits,  where  the  vein  rock  of  the  second 
concentration  has  been  eroded  and  washed  away,  while  the 
mineral  itself  has  been  concentrated  in  placers* 

24<     Rocks  as  Guides  to  Ore  Deposits. — A   general 

knowledge  of  the  more  common  rocks  is  necessary  for  intelli- 
gent prospecting.  The  prospector  must  be  able  to  distinguish 
aqueo-igneous  from  igneous  rocks,  and  both  from  sedimentary 
and  metamorphic  rocks.  Many  rocks,  being  a  local  mixture 
and  hence  relatively  unimportant,  may  exhibit  signs  of 
minerals,  and  warrant  therefore  a  careful  examination, 
especially  if  they  are  in  a  mineral  zone.  It  is  advisable, 
wherever  possible,  to  assign  the  rocks  to  some  particular 
geological  system,  as  in  that  case  one  can  better  determine 
what  minerals  may  be  expected  to  occur.  Ores  of  the  first 
concentration  will  be  found  in  the  magmatic  rocks;  ores  of 
the  second  concentration  will  be  found  in  veins  in  aqueo- 
igneous  rocks,  and  in  masses  and  veins  in  sedimentary 
rocks;  and  ores  of  the  third  concentration  will  be  found  in 
the  loose  rock  matter  of  the  present  time.  Some  magmas 
may  be  mineralized  sufficiently  to  work  at  a  profit;  others 
may  simply  indicate  a  mineral  zone;  in  either  case,  the  'sub- 
ject is  of  interest  to  the  prospector,  for  veins  in  such  zones 
will  probably  carry  paying  minerals* 

25.  Fissures  In  the  Earth's  8  urfiice,— Various 
agencies  have  been  named  as  the  cause  of  rents  in  the 
earth's  crust;  but,  as  this  is  a  subject  that  belongs  to 
dynamic  geology  rather  than  to  prospecting^  it  will  not  be 
discussed  here  further  than  to  say  that  the  fissures  formed 
have  been  healed  and  filled  with  vein  material  brought  into 
them  by  solutions  or  as  aqueo-igneous  magmas  intruded 
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from  below.  Some  of  the  fissures  are  mere  cracks  filled 
with  malerial  know^n  as  gmi^e,  or  scivage,  which  roay  or  may 
not  be  valuable.  If  there  has  been  a  movement  of  the 
country  rock  along  the  walls  of  a  vein  or  dike,  and  either 
side  is  mineralized,  the  gouge  will  probably  be  mineralized 
also;  if,  however,  there  has  been  no  such  movement,  the 
gouge  will  be  merely  fine  powdered  rock  or  a  sediment 
carried  down  from  the  surface  by  water. 

When  a  decided  fissure  appears  that  has  been  healed  by 
mineral  matter  held  in  solution*  then  a  vein  is  established. 

Dikes  are  wide  fissures  through  which  magmas  have  been 
forced,  completely  filling  them.  Dikes  may  themselves  be 
fissured  and  contain  veins  parallel  to  or  across  them,  and,  on 
the  other  hand,  dikes  may  appear  subsequent  to  the  forma- 
tion of  the  vein.  Several  cases  are  on  record  where  dikes 
have  become  mineralized. 

Reefs  are  rocks,  composed  either  of  aqueo-ig^neous  or  of 
metamorphosed  sedimentary  rock  matter*  that  have  become 
shattered  by  dynamic  forces  and  then  healed  with  solutions. 
Such  rocks  are  at  times  mineralized  suflSciently  to  be  worked 
at  a  profit. 

26,  Fissure  Yelns.— While  a  vein  is  a  fissure  that  has 
become  filled  with  mineral  matter,  it  must  be  borne  in  mind 
that  the  earth's  surface  has  been  considerably  changed  since 
the  original  fissure  was  formed  and  filled,  and  also  that 
erosion  has  probably  decreased  the  depth  and  lengrth  of  the 
vein  enormously.  Under  such  adverse  condiiionst  investi- 
gation only  can  determine  to  what  depth  a  vein  will  extend; 
but  from  the  following  illustrations  it  may  be  argned  and  to 
some  extent  proved  by  experience  that  a  wide  long  vein  will 
extend  to  a  greater  depth  than  a  short  narrow  vein. 

Let  it  be  assumed  that,  in  Fig.  1  {a),  the  central  lines 
bound  a  fissure  that  had  its  commencement  at  a  and  its 
ending  at  b.  If  the  miner  nears  either  end.  the  fissure  gradu- 
ally pinches  out  until  it  disappears  in  a  mere  crack.  Suppose 
that  the  original  deposit  had  a  height  shown  by  ihe  dotted 
line  fj  Pig.  1  ib);  thee  the  fissure  must  pinch  out  below«  for, 
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since  its  length  is  limited,  its  depth  also  must  certainly  be 
limited^  and  the  pinching  out  will  be  downwards*  as  shown 
at  (r).  To  determine  how  much  of  the  vein  has  been  eroded 
is  impossible;  and  to  determine  how  much  remains  below  the 
surface  is  a  problem  that  can  be  solved  by  actual  sinking  only, 

27.  Fissure  or  Vein  Filling,— Veins  are  filled  by 
solutions,  dikes  by  intrusions — thus,  there  are  granite  dikes 
and  quartz  veins.     Fissures  that  have  been  filled  with  mag:- 
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matic  rock  material  that  has  evidently  been  plastic  and 
injected  into  them  are  properly  termed  dikes.  While  rocks 
of  this  nature  may  be  metal*bearing*  the  metal  is  not  usually 
concentrated  sufficiently  to  mine.  Vein  fissures  have  in  the 
majority  of  cases  been  healed  by  qtiartz  solutions,  either 
wholly  or  in  part;  but  the  ^eater  number  of  quarts  veins 
are  barren.  The  gangue  or  barren  material  nf  ore  deposits 
is  not  always  quarts:  it  may  be  calcite.  fluorspar,  feldspar, 
heavy  spar,  wolframite,  or  mixtures  of  these  minerals. 
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28«  Association  of  Metals i — In  most  ore  depositSi 
particularly  sulphide  deposits,  one  metal  is  found  associated 
with  another.  This  association  is  sometimes  such  as  to 
form  a  definite  chemical  compound;  sometimes  such  as  not 
to  form  a  definite  mineral  but  a  separate  indiyidoal  com* 
pound.  Because  gold  and  silver  are  usually  found  associated, 
it  is  believed  by  some  mineralogists  that  all  native  ^old 
contains  some  silver.  Platinum  is  frequently  found  in  gold 
placers,  and  platinum  has  at  times  associated  with  it  pal- 
ladium, iridium,  osmium,  and  certain  other  rare  metals. 
Lead  and  silver  are  usually  associated  to  such  an  extent 
that  some  claim  that  no  lead  ore  is  entirely  free  from  silver. 
Copper,  silver,  and  gold  are  often  found  associated  in  the 
same  ore  deposit.  Lead  and  antimony,  lead  and  zinc,  cad- 
mium and  zinc,  copper  and  lead,  nickel  and  cobalt,  iron  and 
nickeU  nickel  and  chrome  iron  ore,  iron  and  tungsten,  copper 
and  iron,  iron  and  manganese,  tin  and  wolframite,  and 
several  other  combinations  are  all  known  to  exist*  Where 
ore  deposits  have  been  derived  direct  from  magmas,  or 
where  a  third  concentration  has  occurred,  the  association  of 
metals  is  not  so  noticeable.  Arsenides,  antimonides,  tellu- 
rides,  and  sulphides  of  various  metals  are  found  associated 
in  such  a  manner  as  to  make  bad  combinations  for  the 
metallurgist,  M 


29,  Relationship  of  Metals:  Ganfirue  and  Country 
Rock. — The  rocks  through  which  underground  waters  cir- 
culate are  the  sources  of  gangue  materials  as  well  as  the 
ores*  If  the  gangue  is  mostly  silica,  the  supposition  is  that 
the  solutions  traversed  through  acid  magmatic  rocks  and 
that  gold  may  be  present.  If  the  gangue  is  silica  and 
feldspar,  it  may  be  assumed  that  the  solutions  traversed 
magmatic  rocks,  and,  that  gold,  silver,  copper,  and  iron  sul- 
phurets  may  be  present*  If  the  vein  materia!  is  mostly 
calcite,  with  subordinate  quantities  of  other  gangue  minerals, 
the  supposition  is  that  the  solutions  circulated  through  lime- 
stone or  dolomite,  and  that  lead^zinc,  lead-silver,  or  silver- 
lead  ores  may  be  present.     There  are  many  cases  whete 
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secondary  enrichment  of  a  vein  has  occurred  after  it  had 
been  formed.  This  seemingly  is  due  to  crustal  movements 
that  have  shattered  the  veins  and  to  solutions  bearing  metals 
that  have  healed  them  anew. 

30.  Acid    Rocks* — The  term  aa'd  refers    to  rocks    in 

which  silica  is  the  predominent  element.  The  acid  aqueo- 
igneous  rocks  that  occur  massive  are  granite  and  syenite. 
The  acid  aqueo-igneous  rocks  that  occur  as  dikes  and  over- 
flows are  granite,  syenite,  porphyry,  felsite^  rhyolite,  trachyte, 
and  ph  on  elite.  If  a  vein  in  acid  rocks  has  been  closed 
by  acid  solutions,  it  is  likely  to  be  barren  of  metalsj  but,  if 
basic  gangue  is  also  present,  one  may  expect  to  find  metal 
mineralSi  probably  as  sulphides,  etc.  Veins  in  such  rocks 
have  been  known  to  be  barren  until  they  encountered  basic 
or  organic  rocks. 

The  volcanic  acid  rocks  are  scoria*  pumicei  and  obsidian* 
with  basalt  where  it  has  cooled  in  contact  with  the  atmos- 
phere.     These  rocks  have  not  been  known  to  contain  ore. 

31,  Basic  Rocks,^ — Rocks  containing  comparatively 
little  silica  are  termed  ^asic.  The  basic  aqueo-igneous  rocks 
that  occur  massive  and  as  dikes  and  overflows  are  diorite, 
gabbro,  diabase,  andesite,  and  basalt.  These  rocks  are  also 
ore  bearing  when  conditions  are  favorable  for  the  deposi- 
tion of  minerals  from  ore-bearing  solutions. 

32*  Mineralized  Zones. — As  the  aqueo*igneoiis  rocks 
seem  to  be  the  parent  rocks  of  matallic  minerals,  it  woitld 
naturally  follow  that  metamorphic  sedimentary  rocks  and 
sedimentary  rocks  in  their  vicinity  would  be  ore  bearing. 
This  is  sometimes,  but  not  always,  the  case,  for  aqueo-igne- 
ous  rocks  may  not  be  prolific  in  metal  minerals  in  all  spots, 
and  suitable  conditions  may  not  prevail  in  order  to  deposit 
minerals.  If  the  rocks  are  roagmatic,  whether  eruptive  or 
otherwise,  and  are  mineralized,  the  prospector  in  a  mineral 
zone  should  examine  every  kind  of  rock  for  evidence  of  pre- 
cious metals,  and  veins  in  particular.  Formerly,  it  was  held 
that  the  granite  rocks  of  the  Archaean  age  contained  the 
best  gold  veins-  where,  however,  the  Arch^an   rocks  are 
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exposed,  erosion  has  taken  place  and  in  all  probability  the 
veins  are  not  deep. 

In  the  Rocky  Mountains,  which  are  supposed  to  have  been 
formed  during  the  Tertiary  period,  the  granitic  rocks  have 
been  fissured,  and  these  fissures  are  deep  in  some  instances 
but  not  in  others.  The  veins  in  dikes  that  were  formed  dur- 
ing the  Tertiary  period  are,  as  a  usual  thing,  deep. 

33.  Auriferous  Slates. — Quartz  veins  carrying  gold 
are  found  in  the  Jura-Trias  and  Cretaceous  slates  in  Cali- 
fornia. These  slates  have  evidently  had  their  leaves  parted 
or  broken  by  dynamic  influences,  and  into  the  fractures  thus 
formed  solutions  carrying  quartz  and  gold  have  been  injected. 
These  slates  are  now  metamorphic,  and  it  may  be  noted  that 
ore  deposits  are  most  common  in  regions  where  dynamic 
forces  have  caused  upheaval  and  folding,  which  produced  this 
class  of  metamorphism.  This  condition  does  not  apply  to 
all  fissures  that  have  occurred  in  the  Tertiary  period,  as  some 
of  the  deepest  fractures  and  richest  ores  intersect  non-meta- 
morphic  rocks  of  this  period.  Cambrian  chloritic  schists  in 
the  Eastern  United  States  and  Canada  are  impregnated  with 
quartz  and  carry  gold. 

34.  Contact  Deposits. — When  hot  aqueo-igneous 
magmas  were  forced  to  the  surface  and  brought  in  contact 
with  sedimentary  rocks,  solutions  were  carried  up  with  the 
magmas  that  contained  minerals,  which  were  deposited  in 
the  sedimentary  rocks.  This,  of  course,  has  not  always 
been  the  case,  for  in  some  instances  the  solutions  seem  to 
have  eaten  into  the  sedimentary  rock  and  dissolved  mineral 
that  was  previously  deposited;  where  no  mineral  was  present, 
the  solutions  simply  changed  the  character  of  the  rock.  The 
solutions  that  were  instrumental  in  forming  this  class  of  ore 
deposits  seem  to  have  come  from  below  through  the  crevice 
between  the  aqueo-igneous  and  the  sedimentary  rock;  and 
wherever  there  was  an  opening  in  the  latter  they  entered 
and  filled  it  with  mineral  matter. 

A  second  class  of  contact  deposits  was  formed  by  acid 
solutions  coming  from  the  magma  and  entering  crevices  in 
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the  sedimentary  rock,  which  they  enlarged  and  in  which 
metallic  minerals  were  subsequently  deposited* 

Contact  deposits  have  afforded  some  rich  lead-silver  and 
copper  deposits. 

33,  Bed  Impreprnnttons. — There  are  some  beds  ot 
stratified  rocks — such  as  sandstone,  shale,  and  clay — that 
have  become  mineralized.  An  example  in  point  is  the 
deposits  in  Utah,  which  contain  horn  silver.  In  this  instance, 
salt  lakes  abound  in  the  locality,  and  it  is  likely  that  ascend- 
ing waters  carrying  silver  in  solution  had  the  silver  deposited 
by  water  carrying  salt  in  solution.  There  are  many  other 
kinds  of  deposits,  mo5t»  if  not  all,  of  which  can  be  traced  to 
the  origin  of  magmas  and  the  mineral  solutions  acting  on 
them.  Hence,  it  is  important  that  the  prospector  ascertain 
first  of  all  whether  the  rocks  he  meets  are  in  a  mineral- 
ized zone. 

36,    Ore  Masses, — With  the  exception  of  a  few  iron 

carbonates  of  the  Carboniferous  period,  and  the  oolitic 
hematite  of  the  Clinton  measures  of  the  Upper  Silurian 
period,  no  metallic-ore  deposits  are  regularly  formed  strata. 
Most  metallic  minerals  are  found  in  bunches  and  pockets, 
the  base  metal  ores  being  in  larger  masses  than  the  precious 
metals;  and  it  is  just  this  condition  of  affairs  that  makes 
gold  more  valuable  than  iron.  Bodies  of  iron  ore  are  larger 
than  bodies  of  lead  or  copper  ore;  bodies  of  silver  ore  are 
of  less  size  than  lead,  zinc,  or  copper;  and  gold  ores  that  are 
extremely  rich  are  very  rare.  One  may  find  a  vein  that  will 
contain  rich  patches  of  ore,  and  then  become  barren  for  a 
considerable  distance,  or  at  least  be  very  lean  in  compari- 
son  with  the  rich  bunches*  The  same  phenomena  occur  also 
with  depth;  hence,  it  is  well  for  the  prospector,  before 
staking  out  a  claim  on  a  newly  discovered  vein,  to  follow 
up  the  vein  until  the  samples  taken  have  proved  its  worth. 
Most  prospectors  are  rich  io  poor  claims,  because  they  have 
not  yet  realized  that  all  quartz  veins  are  not  bonanzas. 
While  most  metal  ore  bodies  are  in  masses,  some  are  in 
larger  pockets  than  others;  the  prospector,  therefore,  should 
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ascertain  the  size  of  his  deposit  on  the  surface,  for  if  it  i 
not  large  on  the  surface,  it  is  not  likely  to  increase  in  sise 
with  the  depth. 


37,     Traclni^   Outcrops. — Having    found    a    vein,    th( 

prospector  should  follow  it  along  the  outcrop  to  ascertaifi 
if  it  is  continuous.  A  lon^  strong  vein  is  usually  a  deep 
one  J  while  a  small  short  vein  is  probably  the  pinching  out  of 
a  former  strong  vein  that  has  been  eroded.  Where  the  vein 
is  not  covered  too  deeply  with  dirt,  the  prospector  should 
put  in  a  little  labor  to  ascertain  if  tlie  vein  is  continuous. 
While  this  work  may  seem  rather  unnecessary,  especiaU; 
when  the  outcrop  is  seen  above  the  ground  some  distam 
farther  on,  still  there  are  good  reasons  for  making  the  tes 
If  the  outcrop  is  covered  with  soil»  it  may  be  that  at  this 
point  a  chimney  of  rich  ore  will  be  found,  for  rock  con- 
taining rich  mineral  will  usually  decay  sooner  than  barren 
vein  rock,  and  it  Is  known  that  some  veins  are  richer  m 
one  place  than  another. 

Erosion  may  have  eliminated  the  length  of  the  fissure  ^  sa 
that  between  one  outcrop  and  apparently  the  next  outcrop 
there  may  be  no  mineral  vein,  and  unless  this  is  ascertained 
by  uncovering  the  vein  at  intervals  along  the  crop  all 
expectations  may  prove  void.  There  are  sometimes  plant 
indications,  and  at  other  times  surface  indications*  such  as 
depressions,  that  will  aid  in  tracing  the  outcrop.  The  pros- 
pector should  not  become  excited  over  every  little  vein  he 
finds,  unless  it  is  exceptionally  rich;  nor  should  he  get  the 
idea  that  it  will  improve  with  depth.  By  this  it  is  not  to  be 
presumed  that  the  outcrop  should  not  be  traced  to  ascertain 
the  length  and  width  of  the  vein,  but  rather  that,  if  the  vein 
does  not  widen  out,  the  prospector  had  better  not  expend 
further  labor  in  examining  it;  for  it  is  exceptional  to  find 
any  vein  worth  working  that  does  not  give  a  first-class  show- 
ing, either  in  quality  or  quantity,  at  some  place  along  its 
length  at  the  surface.  If  a  ravine  or  gulch  crosses  the  vein, 
the  prospector  should  find  out  whether  or  not  the  vein  hasj 
increased  in  width  or  richness  with  the  depth;  if  it  has  no 
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he  should  abandon  the  work  and  go  elsewhere.  If  the  vein 
crosses  the  general  trend  of  rocks,  it  is  more  likely  to  be  a 
deep  vein  than  where  it  is  parallel  with  them,  but  this  does 
not  signify  that  the  vein  will  be  a  rich  one.  Only  inconse- 
quential movements  will  occur  to  fracture  a  bed  along  its 
length— movements  of  this  description  being  slips  rather  than 
openings  termed  fissures*  There  are,  however,  exceptions 
to  all  rules,  and  sometimes  strong  veins  will  run  parallel 
with  the  deposit  in  dikes,  or  with  slate  seem  to  be  a  part  of 
the  formation,  as  in  the  Mother  lode  of  California*  When 
the  vein  cuts  across  the  formation,  it  indicates  a  fissure 
caused  by  contraction  of  the  rocks. 

In  case  the  deposit  Is  a  contact,  it  should  be  followed  along 
its  outcrop;  but,  if  covered  in  places,  it  will  be  necessary  to 
locate  the  outcrops  only  of  the  rocks  on  each  side  of  the 
contact,  and  confine  the  search  to  the  space  between  them. 
This  may  be  done  by  trenching  in,  between  the  rock  out- 
crops, to  a  depth  that  will  uncover  the  rock  and  the  vein  if 
it  exists*  If  the  vein  is  a  contact  deposit  and  a  second  out- 
crop exists  at  a  short  distance,  both  outcrops  may  be  fairly 
considered  as  the  same  lode,  which,  if  not  continuous  at  the 
surface,  will  in  all  probability  join  below  the  surface;  of  two 
such  outcrops ^  however,  the  more  mineralized  outcrop  is 
the  proper  one  for  the  prospector  to  sink  on.  The  same 
remarks  will  apply  to  a  vein  formed  on  the  wall  of  a  dike; 
but,  as  the  vein  will  sometimes  jump  from  one  wall  to  the 
other,  it  is  not  the  length  altogether,  but  the  richness  also  of 
the  vein,  that  is  of  importance* 


38.  Yalue  of  Mineral  Deposits*— When  mineral  has 
been  discovered,  the  prospector  should  proceed  to  ascertain 
its  value.  In  order  to  do  this  properly,  the  deposits  should 
be  opened  in  one  or  more  places*  In  case  unoxidized  min- 
eral is  encountered  on  the  outcrop,  particular  care  should  be 
used  before  jumping  at  the  conclusion  that  the  deposit  is 
valuable;  for,  if  it  is  a  vein  formation,  the  chances  for  its 
continuance  downwards  are  not  good,  but  if  the  deposit  is  a 
reef  or  dike,  the  chances  for  low-grade  and  paying  deposits 
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of  ore  are  excellent.  It  should  be  borne  in  mind  that  oxidized 
outcrops  are  not  always  prolific;  but  the  fact  that  they  are 
oxidized  is  a  fair  indication  that  more  mineral  is  below  and 
that  the  deposit  is  worthy  of  examination,  for  it  permits 
solutions  to  percolate  to  some  underground  watercourse. 
It  is  a  common  occurrence  to  find  a  deposit  of  free  milling 
gold  whenever  the  outcrop  is  oxidized;  but  with  depth  the 
character  of  the  deposit  will  change  to  sulphurets,  provided 
that  the  deposit  goes  below  water  level. 

39.  Selling:  Clainns. — If  the  prospector  intends  to  sell 
his  claim,  he  must  have  his  titles  clear,  and  have  conformed 
strictly  to  the  law,  if  no  patent  has  been  granted.  He  must 
also  have  enough  development  work  done  to  show  the  price 
asked  and  a  little  more.  There  was  a  time  when  speculation 
in  gold  mining  was  such  that,  to  find  a  purchaser,  the  pros- 
pector needed  only  to  announce  his  discovery,  but  conditions 
now  are  changed  and  the  purchase  of  mines  and  prospects  is 
made  on  a  business  basis.  The  intending  purchaser  hopes, 
of  course,  to  realize  a  profit  on  his  investment,  and  it  is  not 
likely  that  he  will  take  chances  and  pay  for  more  than  he 
can  see.  Moreover,  the  cost  of  mining  and  milling  the  ore 
in  sight  is  no  inconsiderable  item,  for  which  reason  the  pros- 
pector had  much  better  underestimate  rather  than  over- 
estimate the  value  of  his  claim  or  working. 

40.  Developlnpr  Claims. — To  develop  a  prospect  costs 
labor,  time,  and  money.  If  the  prospector  can  show  a 
reasonable  deposit,  and  can  make  a  profit  on  his  investment 
of  labor,  time,  and  money,  he  should  sell  out;  otherwise,  he 
had  better  wait  until  he  has  developed  more  values.  It  is 
of  course  a  trying  moment  to  a  man  when  he  is  offered  a 
small  sum  for  a  property  that  has  cost  him  much  time  and 
hard  work;  however,  if  he  is  in  need  of  money,  it  may  be 
well  to  part  with  the  property  and  look  for  a  new  deposit 
elsewhere.  When  a  prospector  has  found  a  rich  deposit  that 
does  not,  at  the  outset,  require  money  for  mill  and  machinery, 
he  should  keep  it  and  work  it  himself,  for  the  money  to  be 
gained  is  as  useful  to  him  as  to  any  one  else,  and  each  foot 
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of  development  and  each  cubic  foot  of  reserve  ore  adds  to 

the  value  of  the  mine, 

41.  Opening  the  Prospect.— In  opening  a  prospect, 
the  best  plan  to  follow,  when  the  ore  does  not  crop  out 
on  a  side  hillt  is  to  sink  a 'shaft  on  the  vein*  When  this 
shaft  has  reached  a  depth  of,  say  150  feet,  a  level  should 
be  started  toward  the  side-hill  outcrap  first  if  that  exists; 
otherwise,  it  may  be  run  in  the  direction  of  the  vein  that 
shows  the  most  mineraL  In  every  case,  the  prospector 
should  follow  the  ore,  no  matter  how  crooked  the  vein  may 
be,  and  every  change  in  the  character  of  the  ore  should  be 
carefully  noted  so  that  advantage  may  be  taken  of  the 
knowledj^e  gained  for  future  development  work*  If  the  ore 
excavated  is  rich  enough  to  ship*  the  returns  will  aid  in 
further  development;  but  no  ore  should  be  shipped  until  it 
has  been  carefully  sampled  and  the  sample  assayed — other- 
wise it  may  not  pay  the  freight  and  smelter  charges,  in 
which  case  the  shipment  would  be  a  loss  rather  than  an  asset. 
While  a  hole  for  testing  purposes  may  be  run  in  from  the 
outcrop  on  a  side  hill,  a  shaft  must  ultimately  be  sunk  for 
ventilation  purposes;  hence,  it  may  be  advisable  to  sink  the 
shaft  first  and  drive  the  tunnel  later. 

43.     Openliig  Prospects  With   Cross-Cut  Tunnels, 

It  is  not  considered  good  practice  to  drive  a  tunnel  through 
barren  rock  unless  the  excavation  happens  to  be  short  and 
the  vein  is  known  to  extend  to  a  depth  equal  to  the  level  of 
the  tunnel  opening  below  the  outcrop.  Should  water  be 
encountered  in  the  shaft,  the  probabilities  are  that  a  cross- 
cut tunnel  may  be  needed  to  reach  the  deposit.  In  this  case, 
however,  unless  an  actual  survey  is  madd  the  tunnel  may  be 
driven  so  as  to  gain  a  little  depth  on  the  vein;  while,  as  a 
usual  thing,  it  is  desirable  to  gain  all  the  depth  possible  in 
order  to  drain  the  prospect.  The  natural  slope  of  the  banks 
and  dumps  is  about  32 °|  thus  giving  a  fall  of  about  62  feet 
in  100  on  the  slope.  To  obtain  the  inclination  of  the  surface^ 
the  clinometer  may  be  used,  as  illustrated  in  Fig.  2,  and  the 
distance  measured  from  the  vein  to  the  point  where  it  is 
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proposed  to  open  the  cross-cut  tunnel;  then  the  length  of  the 
cross-cut  may  be  obtained  by  multiplying  the  sloping  distance 
by  the  natural  cosine  of  the  slope  angle*  The  depth  from  the 
outcrop  at  which  the  tunnel  will  cut  the  vein,  provided  that 
the  latter  is  vertical,  can  now  be  found  by  multiplying  the 
length  of  the  tunnel  by  the  natural  tangent  of  the  angle  of 
slope.  In  case  cross-cut  tunnels  are  to  be  driven  in  the 
hanging  wall  or  the  foot- wall,  to  reach  a  vertical  shaft,  the 
better  location  will  probably  be  the  hanging  wall,  especially 


^r 


^V\ 


Pio.  2 

if  the  tunnel  is  to  be  driven  a  considerable  depth  below  the 
outcrop*  The  reason  for  this  is  that,  if  the  lode  dips  away 
from  the  vertical ^  the  tunnel  must  be  made  longer;  while,  on 
the  other  hand,  when  the  vein  dips  toward  the  tunnel,  it  will  be 
shorten  As  a  matter  of  fact,  however,  the  ground  is  usually 
not  so  arranged  that  the  prospector  can  choose  on  which  side 
of  a  vein  he  will  open  his  tunnel,  so  that  he  must  take  the 
best  offered;  but  he  should  know  the  distance  that  he  must 
drive  the  excavation* 
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43,    Cross-Cuttlngr  tTuderground  Explorations » — All 

work  done  od  a  prospect  should  be  thoughtfully  planned »  and 
partners  should  carefully  consider  every  detail,  especially  of 
assessment  work  and  underground  exploration.  It  is  fre- 
quently, necessary  to  drive  cross-cuts  to  find  new  bodies  of 
ore  or  to  discover  the  lost  mineral  part  of  a  vein;  for  the  ore 
is  not  always  in  clean-cut  fissures,  and  the  vein  is  liable  to  be 
crushed  or  the  wall  rocks  decayed;  besides^  in  dikes  and  wide 
veins,  the  mineral  part  of  a  vein  is  likely  to  shift.  Some- 
times, in  wide  veinsi  parallel  ore  bodies  are  found  that  are 
even  richer  than  the  one  worked;  again,  when  the  ore  becomes 
lean,  it  may  increase  decidedly  in  richness  in  some  other 
locality  in  the  vein.  Ft  is  advisable,  also,  when  prospecting 
in  metalliferous  deposits  where  the  values  are  in  patches,  to 
cross-cut  the  vtin,  and  if  the  wall  rock  shows  signs  of  decay 
or  traces  of  mineral  the  cross-cut  may  be  continued  to  solid 
rock.  The  circulating  waters  that  carry  the  mineral  will 
permeate  soft  wall  rock  and  cm  shed  areas,  and  in  so  doing 
may  deposit  the  mineral.  There  are  a  number  of  examples 
where  such  phenomena  evidently  occurred;  in  fact,  nearly 
every  vein  shows  sheets  of  barren  and  productive  stuff  at 
intervals  along  the  strike  and  on  the  dtp,  for  which  reason  it 
is  not  unreasonable  to  assume  that  the  same  phenomena  will 
occur  across  the  vein  or  parallel  with  it.  Every  miner  has 
known  the  mineral  to  jump  from  the  hanging  wall  to  the 
foot* wall,  and  then  again  to  be  in  the  center  of  the  vein* 
They  have  also  probably  noticed  that  the  mineral  will  some- 
times be  concentrated,  and  then  again  separated,  throughout 
the  vein  matrix;  hence,  by  reasoning  from  these  occurrences, 
one  can  believe  that,  if  there  are  parallel  crevices  or  cavities 
in  the  vein  walls  that  will  permit  of  mineralized  waters  cir- 
culating through  them,  mineral  deposits  may  have  accumu- 
lated. That  this  is  the  case  has  been  proved  many  times  by 
actual  tests. 


44,  rositioti  of  Ores  In  Veins, — Different  ores  are 
usually  accompanied  by  different  gangue  minerals;  for  exam- 
ple, gold  is  associated  with  quarts:  veins;  lead  with  calciter 
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barite  or  zinc  with  calcite;  tin  with  wolframite;  magnetite 
with  feldspar;  etc.  This  peculiarity,  however,  does  not  pre- 
vent any  or  all  of  the  other  gangue  rocks  from  being  present 
at  times  in  the  same  vein;  and  it  is  evident,  from  the  exami- 
nation of  ribbon  veins,  that  the  solutions  carrying  minerals 
have  been  charged  at  one  time  with  one  mineral  and  at 
another  time  with  another  mineral.  This  would  suggest  that 
the  country  rocks  through  which  waters  circulate  or  come  in 
contact  have  a  direct  influence  on  the  minerals  that  will  be 
dissolved  and  deposited.  Assume,  for  example,  that  there  is 
a  contact  vein  between  an  acid  eruptive  and  a  basic  sedi- 
mentary rock,  and  that  the  mineral  solution  was  acid;  then 
the  prospector  will  not  find  ore  on  the  eruptive-rock  side  of 
the  vein,  but  on  the  basic-rock  side.  In  some  localities,  it 
has  been  observed  that,  where  quartz  veins  were  wholly  in 
acid  rocks,  they  were  not  productive;  although,  if  the  same 
vein  continued  into  sedimentary  or  organic  rocks,  it  became 
productive.  The  same  observation  might  apply  to  basic 
rocks,  provided  that  the  solutions  were  alkaline,  and  then 
productive  portions  of  the  vein  could  be  looked  for  in 
acid  rocks. 

45.  Frozen  Veins. — In  some  veins,  one  wall  may  be 
well  defined  while  the  other  graduates  into  the  country  rock 
m  such  a  manner  that  one  cannot  tell  in  some  instances 
where  the  two  begin  or  leave  off,  as  no  defined  wall  is 
discernible.  .  A  vein  in  this  condition  is  said  to  be  frozen, 
and  the  value  of  the  mineral  will  peter  out  on  the  frozen 
side.  The  vein  may  be  frozen  to  slate  or  some  other  rock 
differing  materially  from  it  in  composition;  but  usually  the 
best  ore  is  found  on  the  side  that  has  a  defined  wall.  In 
case  the  vein  is  frozen  to  both  walls,  it  is  considered  a 
positive  certainty  that  the  vein  will  not  be  deep,  but  heavy 
clay  seams  or  gouges  are  taken  as  evidence  of  a  deep-seated 
fissure. 

46.  Liost  Veins. — The  subject  of  faulting  belongs  prop- 
erly to  mining,  although  it  has  some  bearing  on  prospecting. 
The  prospector  has  been  advised  to  trace  the  outcrop  to 
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ascertain  the  length  of  his  vein.  It  is  possible  that  the  vein 
he  is  foilowiog:  will  be  cut  off  by  a  fault  fissure  and  a  part  o! 

the  vein  lost.  As  there  are  no  underground  indications  to 
follow,  all  exarninations  tending  to  show  in  which  direction 
the  vein  has  been  heaved  are  made  at  the  surface.  Before 
searching  for  the  lost  part  of  a  vein,  the  rock  surfaces  must 
be  exposed,  the  wall  rocks  thoroughly  studied,  and  the 
greater  angle  made  by  the  intersection  of  the  veiu  and  the 
slip  fault  followed.  If  the  prospector  has  been  fortunate 
enough  to  find  the  lost  part*  he  has  achieved  something  that 
will  be  of  valne  should  it  ever  happen  that  the  deposit  is 
worked  as  a  mine* 

47»  development  Work, — An  excavation  made  to 
determine  the  extent  and  value  of  a  deposit  is  termed 
development  work.  Such  work  is  confined  at  first  to 
tracing  the  deposit,  and  next  to  ascertaining  its  depth  and 
value.  It  should  be  conducted  systematically,  with  a  view 
of  future  mining,  and  of  showing  how  much  mineral  can  be 
depended  on.  There  is  little  sloping  done*  unless  the  vein 
is  rich,  in  which  case  the  owner  may  work  the  property  as  he 
sees  fit;  but,  even  then,  ore  reserves  should  be  left  as  pillars, 
and  the  levels,  winzes,  etc,  run  for  further  development. 

Pinches  and  horses,  where  the  vein  walls  are  intact,  are 
not  to  be  taken  seriously,  as  such  matters  are  frequent  in 
nearly  every  vein  and  are  merely  local.  Sometimes^  the 
veins  will  widen  out  abnormally,  and  the  mineral  may  be  so 
scattered  through  the  gangue  as  to  make  the  deposit  too  lean 
to  mine  profitably.  In  such  cases,  the  vein  is  merely 
tunneled  through  until  it  narrows  and  becomes  richer;  but 
before  this  is  done  the  prospector  should  make  sure  that  his 
vein  is  lean,  as  there  are  exceptions  to  all  rules* 
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PROSPECTING  FOR  COPPER 


COPPER    ORES 

48.  Rocks  Containfngr  Copper. — Copper  is  found  in 
aqueo-igneous  rocks,  such  as  diabase,  diorite,  rhyolite, 
gneiss,  and  granite;  and  is  at  times  found  associated  with 
gold,  silver,  iron,  nickel,  and  cobalt.  Oxidized  copper  ores 
have  been  found  in  carboniferous  limestone  with  granite 
contact;  in  lime  and  sandstone  contact;  in  limestones;  in 
sandstone  conglomerates;  and  in  shales  and  sandstones  with 
fossil  plants. 

49.  Copper  Minerals. — Copper  is  a  widely  distributed 
metal,  and  it  occurs  also  in  large  quantities.  The  copper 
minerals  are  as  follows: 

1.  Native  copper.  Cm,  is  found  in  the  United  States  in. 
the    neighborhood    of    Lake    Superior,    in    China,    Japan, 
Siberia,  and  Sweden. 

2.  Chalcocite  {Cu,S  =  Cu,  79.8+5,  20.2  =  100)  is  a 
black  earthy-looking  mineral. 

3.  Chalcopyrlte  {CuFeS,  =  Cu,  34.6  +  /r,  30.5  +  5, 
34.9  =  100),  also  called  copper  pyrites,  is  a  brass-yellow 
mineral  that  tarnishes  on  exposure  to  the  air.  Silver  and 
gold  are  sometimes  found  associated  with  it. 

4.  Bornlte  {Cu^FeS^  =  Cu,  55.58  +  Fe,  16.36  4-  5,  28.06 
=  100)  is  a  deep  yellow  or  reddish-brown  brittle  metal  that 
tarnishes  when  broken.  The  proportions  of  elements  in  this 
mineral  vary,  and  give  it  at  times  a  peacock  display  of 
colors. 

5.  Cuprite  (Cw.(9  =  Cu,  88.8  +  (9, 11.2  =  100)  is  a  deep 
red,  earthy-looking  mineral. 

6.  Tenorlte  (CuO  =  Cu,  79.85  +  (9,  20.15  =  100),  some- 
times called  d/ack  copper,  is  a  steel-  or  iron-gray,  earthy, 
black  mineral. 

7.  Melaconite,  CuO,  is  an  earthy  variety  of  tenorite, 
and  occurs  as  a  scaly,  black,  or  grayish-black  mineral.  It 
yields  about  65  per  cent,  of  copper. 
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8.  Malaclilte,  or  green  copper  car^tmate,  has  the  compo- 
sition Cu,COt'I/nO,  in  the  proportion  of  19.9  per  cent,  o£ 
carbon  dioxide,  71.9  per  cent*  of  copper  oxide,  and  8.2  per 
cent,  of  water. 

9.  Azurite,  or  dine  copper  carb&naie  {Cm^C^O^*N^O)  is 
composed  of  cnpric  oxide  69,2  per  cent, » the  remainder  being 
carbon  dioxide  and  water.  The  percentage  of  copper  that 
this  mineral  contains  is  55.22. 

10.  ChrysoeoHa  is  a  lustrous,  clear,  greenish-blue  mio- 
eral.  It  varies  much  in  composition,  on  account  of  impuri- 
ties, but  contains  about  36.1  per  cent,  of  copper,  the 
remainder  bein^  silica  and  water, 

50.  Coloration  of  Rocks  by  Copper, — As  the  ores  of 
copper  are  usually  weathered  at  the  surface,  the  coloration 
or  stain  given  to  the  rocks  by  this  oxidation  is  sometimes 
valuable  as  a  guide  to  the  location  of  copper  deposits. 
While  the  blue,  green,  and  red  colors  are  not  to  be  over- 
looked as  a  possible  source  of  metal »  it  is  not  a  foregone 
conclusion  that  there  is  a  large  copper  deposit  w^here  they 
are  discernible^  for  the  probabilities  are  that  no  large 
deposits  of  this  description  wiU  be  found  except  in  limestone 
formations  near  igneous  rocks.  In  granite  and  older  rocks. 
copper  pyrite  may  be  found  that  will  prove  productive  when 
developed;  but  in  such  instances  the  outcrop  will  not  have 
the  same  copper  coloration  as  in  other  rocks.  Copper  stains 
are  probably  as  good  indications  of  ore  bodies  as  of  merely 
isolated  copper  minerals;  however,  there  are  other  minerals, 
and  at  times  vegetation,  that  will  color  rocks. 

51  i  Katlve  Copper, — At  Keweenaw  Point,  Michigan, 
Dative  copper  is  found  in  veins  that  traverse  both  sedimen* 
tary  and  intrusive  rocks,  and  is  also  found  in  beds  of  con- 
glomerate, sandstone,  and  interstratified  diabase.  The 
copper  at  times  carries  native  silver,  and  sometimes,  in  the 
form  of  wire  and  sheet  metal,  binds  the  pebbles  of  the  con- 
glomerate together*  The  diabase  is  interstratified  between 
the  other  rocks  io  thin  sheets  of  amygdaloid  as  well  as 
massive  structure.     The  amygdaloids  have  in  some  cases 
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been  filled  with  copper.  The  sandstone  supposed  to  be 
Potsdam  is  sometimes  impregnated  with  copper,  and  there 
are  contact  deposits  between  the  sandstone  and  the  diabase. 
Native  copper  in  sandstone  in  contact  with  diabase  is  found 
at  Arlington,  New  Jersey. 

Native  copper  occurs  also  in  Green  County,  Virginia,  in  a 
greenish  rock  that  resembles  diabase.  The  rock  has  been 
shattered  and  healed  by  quartz.  According  to  Weed,  the 
deposits  are  superficial,  and  the  rock  is  an  epidote.  At 
Cape  D'Or,  Nova  Scotia,  there  is  an  extensive  deposit  of 
native  copper  on  one  side  of  an  extensive  trap  dike  that  is 
probably  50  feet  wide.  Adjacent  to  the  mineralized  side  of 
the  dike  is  a  dark  green  soft  epidote  that  is  amygdaloid  in 
character.  The  cavities  in  this  case  are  filled  with  calcite 
and  coated  with  copper  stains.  No  impurities,  such  as 
antimony,  arsenic,  bismuth,  and  sulphur,  are  found  associa- 
ted with  this  copper,  so  that  it  is  easily  concentrated  and 
refined. 

Amygdaloid  diabase  is  found  in  British  Columbia  and 
Oregon  in  which  traces  of  copper  are  present;  however,  but 
little  native  copper  has  so  far  been  discovered  in  the  rock. 

52.  Clialcocite. — Chalcoclte,  known  also  as  copper 
glance,  vitreous  copper,  and  redrtdhite,  is  an  oxidized  product  of 
copper  precipitated  from  solutions  as  a  massive  blackish-gray 
mineral  by  a  sulphur  salt  in  solution.  It  is  also  found  crys- 
tallized. When  copper  is  leached  from  pyrites  in  the  upper 
part  of  a  deposit,  and  carried  downwards  to  water  level, 
chalcocite  is  precipitated  and  concentrated.  The  ore  above 
this  deposit  is  known  asg-ossafi;  while  below,  the  pyrite  is  gen- 
erally poor  in  copper.  The  gossan  at  the  Anaconda  mine, 
Butte,  Montana,  from  which  the  copper  has  been  leached,  is 
rich  in  gold  and  silver.  At  this  place,  the  chalcocite  was 
about  200  feet  thick;  while  at  Ducktown,  Tennessee,  it  was 
about  10  feet  thick.  Other  chalcocite  deposits  have  been 
found,  which,  as  the  depth  increased,  turned  into  bornite. 
Deposits  of  chalcocite  are,  as  a  rule,  found  in  veins  that 
are    situated    in    aqueo-igneous    magmas.     The    veins   are 


PROSPECTING 


31 


I 
I 

I 


almost  dikes  in  width,  and  in  some  respects  resemble  tnag- 
mas.  The  Ducktown  deposit  is  cupriferous  pyrrhotite;  the 
deposit  at  the  Anaconda  mine  is  chalcopyrite* 

53i  Chalcopyrlte, — While  chalcopyrite  mineral  is  com- 
posed mostly  of  iron,  it  is  frequently  found  in  large  masses , 
so  that  the  secondary  products  of  copper  derived  from  its 
weathering  are  quite  Important.  Unless  the  iron-copper 
sulphides  contain  more  than  Zi  pounds  of  copper  per  hun- 
dredweight of  ore,  they  are  not  of  commercial  value.  Larjfe 
bodies  of  such  sulphides  have  been  weathered  and  leached 
so  as  to  form  g^ossan^  a  poor  iron  ore,  near  the  surface,  and 
possibly  in  some  locations  they  are  the  origrinal  source  of 
iron-ore  deposits.  Such  deposits  produce  chalcocite  and 
bomite  as  explained,  and  are  the  original  source  of  the  oxi- 
dized copper  ores  found  in  Arizona,  New  Mexico,  and 
possibly  elsewhere. 

54.  Copper  in  Pyrltep — Large  pyrite  and  pyrrhotite 
deposits  containing  some  copper  and  other  metals  are  found 
at' Sudbury,  Canada;  Davis,  Massachusetts;  Pulaski  County, 
Virginia;  Ducktown,  Tennessee;  and  in  North  Carolina. 
These  deposits  are  either  in  syenite,  granite,  or  gneiss,  or 
adjacent  to  intrusive  magmas,  as  in  New  Hampshire,  Ver- 
mont, Virginia,  and  Massachusetts,  where  they  occur  in 
argillaceous  schists  adjacent  to  .gneiss.  In  CaHfornia,  chal- 
copyrite occurs  in  auriferous  slates  in  contact  with  diabase* 
Copper  pyrite  easily  oxidizes,  and  is  converted  into  sul- 
phates of  iron  and  copper  that  are  soluble  in  water.  When 
chalcopyrite  does  not  show  weathering,  it  is  a  fairly  good 
indication  that  there  is  no  concentrated  deposit,  but  that  the 
mineral  is  disseminated  through  the  vein  or  magma,  If. 
however,  there  are  sedimentary  rocks  near,  particularly 
limestone^  there  may  be  secondary  deposits  of  great  value. 
Fissure  veins  of  chalcopyrite  will  at  times  show  depressions 
on  the  outcrop,  and  water  will  flow  from  them  at  water  level. 
Sometimes*  the  heat  arising  from  the  chemical  reactions  due 
to  oxidation  will  melt  snow  above  them  at  the  outcrop* 
Beds   of    iron-copper    sulphides,    associated    with  chert   iE 
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magnesian  limestone  of  the  Cambrian  system »  occur  at 
Sl  Genevieve,  Missouri,  In  this  case,  there  are  two  hori- 
'}^^^  zontal  beds  of  ore* 

,  ^  v|<^^^^  Fi  g.  S  is  an  illus t ra- 

^\  ■  ^^  ''<  i^^^^^^^  tion  of  an  iron-copper- 

sulphide  deposit. 

The  outcrop  a  shows 

W^\ .    '-  ^ \S^^^^^^^^     the   impure  limonite 

boulders;  d  shows  the 

,..,...,.  ..-■,,^ _^  —  -^      gossan   or   iron   hat; 

'     ^    ^=^-^^^^^  ^—     ^  shows  the  second- 
ary capper  deposit  of 
chalcocite,  bomite, 
etc;    while   c    shows 
PiG.  s  the   unaltered   sul- 

phides.    The  country  rock  is  represented  by  e  and  /. 

55*  Copper  Oxldee* — Bodies  of  copper  oxides  occur  in 
limestones  near  by  aqueo-igneous  rocks, and  also  in  kaolinized 
porphyry  and  sandstones.  Carl  Heinrich  concluded  that 
there  were  three  classes  of  these  deposits  in  Arizona,  where 
the  most  productive  copper-oxide  bodies  are  found. 

56.     Contact  Deposits. — According  to  Heinrich »  contact 

deposits  occurred  in  kaolinized   porphyry   (that  is,   altered 

porphyry   composed  partly   of    kaolin    resulting   from   the 

decomposition  of  the 

feldspar  in  the  rocks),  3^ 

between  a  bluish  fine-   ^  ^^MM^^^^'^ 

grained  limestone    ^   ^^^^^j^ee^^^^ 

and   solid    porphyry.    ^■ftV''^  '^''"^^^^ 

Many  such  ore  bodies*   ^|  ] 

and    probably    the  ^^^^  ^^. 

largest  of  them,  are  v^'iJJ^^     ^^fdf^k 

directly  in  the  lime-  ^^^^^,^^5;^ 

stone,    as    azurite,  "  ._:i-i:is:ii;:ri.xfLi2^^ 

malachite,  cuprite  ^**'^ 

with  some  metallic  copper,  and  melaconite  (tenorite  or  black 

copper)  in  a  grangue  composed  chiefly  of  limonite. 
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57.  Replacenietit  Deposits. — Replacement  deposits, 
jcording  to  Heinrich,  were  found  in  limestone  that  seemed 

have  been  formed  by  the  circulation  of  copper- bearing 
ilutions  along  crevices  in  the  rock*  Wherever  such  solu- 
>ns  permeated  the  limestone  they  reacted  on  the  calcium 
id  in  part  replaced  that  with  copper,  thus  forming  car- 
mate*  and  oxide  ores.  Fig,  4  illustrates  the  method  by 
hich  replacement  deposits  are  formed. 

58.  Iniprei^uatlons. — Inipre^uatlaiis  of  copper, 
x!ording  to  Heinrich,  are  found  in  porphyry  in  the  form  of 
leets  and  in  pockets  in  the  solid  rock.  A  rock  to  be 
npregnated  by  solu- 
3DS  must  be  porous, 
id  the  mineral  is  de- 

>sited  in  the  pores  of  ^/f^C^, 

ich  rocks.  The  de- 
>sits  here  under  con- 
deration  are  oxidized 
i  the  surface^  pass  into 
lalcocite  with  depth, 
,en  into  bomite,  and  ,^ 
lally  into  unaltered  v^^isi^ 
lalcopyrite.  The  im- 
egfnated  porphyries  are  at  present  the  chief  ore  supply  in 
rizona,  as  the  former  carbonates  worked  near  the  surface 
ive  been  replaced  by  sulphides  at  greater  depths* 

From  the  preceding  discussion  and  the  accompanying 
Tures,  it  is  evident  that  the  original  copper-bearing  minerals 
ere  in  magmatic  rocks;  but  the  Connecticut  and  Pennsylva- 
ia  sandstones  have  small  copper  deposits  in  some  localities 
here  they  are  in  contact  with  gneiss.  Copper  carbonates 
ad  chalcocite,  which  is  a  secondary  formation,  are  found  in 
le  Jura*Trias  sandstones  of  Texas,  and  the  Tertiary  of 
few  Mexico  and  Utah,  as  well  as  in  the  Upper  Devonian  in 
ennsylvania  and  Nova  Scotia.     The  sandstones  are  either 


^m 


mm^ 


Fig.  5 


*A11  ores  not  comaloing  sulphur  are  spoken  of  as  oxidized  ores. 
Ilia  teno  Is  general,  and  includes  carboaates  aod  silicates. 
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metamorpliosed  or  adjacent  to  aqueo-igoeous  rocks.  With 
the  exceptioti  of  one  or  two  cases  *  the  sandstones »  schists, 
and  shales  have  not  been  very  productive. 

The  copper  found  ia  the  Devonian,  Carboniferous,  Jura^ 
Trias,  and  Cretaceous  formations  seftms  to  have  been  precip 
ttated  from  copper  solutions  coming  in  contact  with  org:aDJc ' 
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matter,  either  in  limestone  or  in  sandstone*  As  an  iUustra' 
tion.  Fig.  6  is  a  sandstone  containing  a  large  number  of 
fossil  imprints,  one  to  the  middle  rijjht  being  particularly 
noticeable-  The  rock  is  partially  metamorphosed,  but  not 
sufficiently  to  have  obliterated  the  fossil  leaves  and  ferns. 
The  solutions  that  found  their  way  through  the  sandstone 
carried  copper,  which  was  precipitated  by  the  organic  remainsi 

59*  Jjookln^  for  Copper. — The  copper  stains  that  will 
often  be  found  on  rocks  are  not  necessarily  criterions  by 
which  to  judge  the  size  of  a  deposit,  but  are  indications  that 
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•At  the  Schuyler  mine,  near  Arlington.  New  Jersey,  probably  lh« 
first  copper  mine  In  this  conntiy  was  opened  that  was  worked  at  a1 
proit,  for  Philip  Schuyler  importecl  a  Watt  engine  to  pump  the  water 
irom  the  mine.     This  is  said    to  have  been  the  first  steam  engi[]#J 
erected  in  this  country* 
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copper  pyrite  is  to  be  found  in  the  vicinity.  If  the  pyrite  is 
found — either  in  rocks  of  aqueo-igneous  origin,  like  diabase 
porphyry  I  etc.^  or  in  metamorphic  rocks — a  contact  deposit 
should  be  looked  for  in  the  vicinity,  either  in  sandstone  or  in 
limestone*  It  is  not  likely  that  large  copper-iron  sulphide 
deposits  will  be  found  that  show  these  minerals  at  the  sur- 
face, but  gfossan  in  the  form  of  a  reddish -brown  rock  is  an 
indication  oj  such  deposits.  Springs  issuing  from  hills  ate 
also  indicators  of  copper  deposits;  and,  if  old  tin  cans, 
shovels,  or  pieces  of  iron  are  left  in  springs  that  carry  copper 
sulphate  in  solution,  copper  will  be  deposited  on  them.  A 
quicker  method  of  testing  springs  is  to  put  some  of  the  water 
in  a  test  tube  and  add  a  little  ammonia  water  when»  if  copper 
is  present*  a  blue  coloration  will  be  observed.  An  acid  solu- 
tion of  copper  will  have  a  blue  coloration  when  ammonia  is 
added  to  it,  provided  that  it  is  allowed  to  stand  a  few 
moments.  Usually  the  color  shows  at  once,  but  sometimes 
iron  prevents  it;  and  again,  If  organic  matter  is  present,  as 
in  some  forms  of  chalcocite^  the  blue  does  not  appear  quickly. 
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60p  Lead  Minerals.. — ^Flfty-three  lead-bearing  minerals 
are  knowui  and  it  is  probable  that  there  are  more*  Not  all 
of  these  minerals  are  mined  for  the  lead  they  contain.  Many 
of  them  are  sought  for  their  value  as  fluxes ^  and  for  the  more 
valuable  minerals  that  are  associated  with  them.  Some  of 
the  more  important  lead  minerals  are  as  follows: 

1.  AltaUe  {PbTe  =  Te,  38.3  +  i'^,  61.17)  is  a  tin-white 
telluride  of  lead, 

2.  Aii^leslte,  PbSO^,  is  a  lead  sulphate,  highly  lustrous, 
nearly  colorless  and  tinged  with  yellow,  gray,  green,  or  blue. 
It  contains  nearly  73  per  cent*  of  lead. 

3.  Boiilaiiffcriie  (Pb,Sb,S,  =  Pb,  58.7  +  5^.  23.1  +  5, 
18,2  =  100)  is  a  massive,  metalliCi  bluish-gray  sulphide  of 
antimony  and  lead. 

4.  Ccriislte,  PbCO^y  also  called  white-kad  ore,  carboimie 
of  lead,  or  dry  bane,  is  an  adamantine  white  to  grayish-black 
mineral,  and  contains  68.3  per  cent,  of  lead. 
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6.    Clausthaiite  (P^Se  =  Pd.  72 A  +  Se,  27.6  =  100) 
granular,  metallic,  lead-gray,  opaque  selenide  of  lead 

6.    Cotunulte^  PbCi^,  is  a  soft,  white,  native  leadcbloj 
containing  74.6  per  cent,  of  lead, 

7>  Crocolte,  PbCrO^^  is  a  yellow  chromate  of  lead, 
has  a  bright  red  color,  with  orange-yellow  streaks  ruDDiBg 
through  it.  It  contains  69  per  cent*  of  lead,  and  31  per  cenL 
of  chromium  trioxide, 

8.  Desclolzite    {P6^l\0t  —  vanadium    pentoxide  29-1 
+  lead   oxide  70*9  —  100)  is  a  bright  red  through  broj 
to  black  lead  vanadate. 

9.  Galena,  PbS,  or  sulphide  of  lead,  is  of  a  lead-gfi? 
color  with  a  shining  metallic  luster.  It  contains  86.6  per 
cent,  of  lead,  and  13*4  per  cent  of  sulphur, 

10.  Leadhllllte,  called^  alsOi  Susanniie,  is  a  pearly,  resinr 
ous,  white,  lead  sulphato-carbonate  of  varying  compositioii. 

IL  I*inarlte,  PbCuSO^*H^O,  is  a  deep  azure*blue  lead- 
copper  sulphate,  composed  of  sulphur  trioxide  20  per  cent, 
lead  oxide  55,7  per  cent,,  copper  oxide  19<8  per  cent,  and 
water  4.5  per  cent. 

12.  Mlmetite  is  a  lead-arsenate  crystal.  In  color,  it 
ranges  from  a  pale  yellow  to  brown.  Its  compositioo  Ji 
approximately  as  follows:  arsenic  pentoxide  23*20  per  cent, 
lead  oxide  74.06  per  cent.,  and  chlorine  2,39  per  cent, 

13.  Kafc^aglte  is  a  foliated,  metallic,  blackish  !ead-gta| 
lead-gold  sulphotelluride.  It  contains  about  M  per  cent,  d 
lead,  32  per  cent,  of  tellurium,  and  9  per  cent,  of  gold. 

14.  Pyromoriihlte  is  a  bright  green  to  brown  lead 
phosphate  of  varying  composition  that  crystallizes  in  ilie 
hexagonal  system.  It  contains  about  82  per  cent,  of  lead 
and  15,7  per  cent,  of  phosphorus* 

15.  Stolzite  {PbWO^  =  tungsten  trioxide  51  -h  leaw 
oxide  49  =  100)  is  a  green,  gray,  brown*  or  red  letd 
tungstatCt  crystallizing  in  square  prisms* 

16.  Yanadltilte  is  a  resinous,  orange  to  red  crystal  of 
lead  chl  or- vanadate*  It  contains  19,36  percent,  of  vanadium 
pentoxide,  78*90  per  cent,  of  lead  oxidei  and  2,5  per  cent  d 
chlorine. 
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17.     Wiiircultc;,  PbMi>0^,   is  a  tabular,  resinous,  yellow" 

lead  molybdate. 

61.  Lead  Ores* — ^Most  of  the  mitierals  named  have 
little  importance  from  a  commercial  standpoint,  as  they  are 
not  usttally  found  in  such  quantities  that  they  can  be  termed 
ores,  and  hence  for  the  most  part  are  interesting  only  as  lead 
indications  and  as  rare  minerals,  - 

62 p     Galena  is  the  mother  ore  of  lead,  but  sometimes  it 

ftas  been  oxidized  or  taken  in  solution,  and  the  minerals 
anglesite  and  cerusite  been  formed  by  deposition.  While 
galena  is  the  chief  ore  of  lead,  little  of  it  is  rained,  in 
this  country,  for  lead  alonci  owing  to  the  large  output  of  the 
metal  that  results  from  base-bullion  smelting  and  the  lead 
obtained  as  a  by-product  from  zinc  mining.  Galena  has 
associated  with  it  gold,  silver,  zinc,  iron,  copper,  nickel,  and 
cobalt,  as  well  as  arsenic  and  antimony.  With  its  property 
of  easy  fusibility,  and  its  power  of  concentrating  the  more 
valuable  metals  gold  and  silver,  it  is  almost  a  necessity  in 
gold  and  silver  smelting — that  is,  base-bullion  smelting  or 
lead  smelting.  A  gold  ore  that  carries  less  than  7  per  cent, 
of  galena  or  lead  in  some  fusible  form  is  termed  a  dry  ore, 
and  cannot  be  smelted  alone;  but,  by  the  addition  of  galena  \ 
having  a  little  gold  and  silver,  both  ores  can  be  smelted  at  a 
profit.  Lead  minerals  that  contain  arsenic  and  antimony  are 
not  so  desirable  in  smelting  operations  as  other  ores,  and 
must  contain  silver  and  gold  in  considerable  quantities  to 
warrant  smelters  in  handling  them*  ' 

63,  Cerusite  was  mined  by  the  Omaha  and  Grant  Smelt- 
ing Company  years  ago,  when  they  were  unable  to  obtain 
sufficient  argentiferous  galena  for  flux.  Their  mine  was  near 
Silver  Cliff,  Colorado »  and  was  known  as  the  Terrible.  This 
mineral  'and  anglesite  are  found  in  considerable  quantities 
near  galena  deposits,  but  probably  the  Terrible  mine  has 
been  the  only  large  deposit  found  and  worked  in  this  country. 
It  is  scarcely  to  be  expected  that  large  deposits  of  this  min- 
eral will  be  found,  but  small  ones  are  indications  that  galena 
is  in    the  vicinity,  and,  as   already  stated,   may  carry  the 
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if  located   in  veins  near   by  or  in  aqoeo', 
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G4*  Tjeail  Deposits.— In  order  to  systematically  describe 
lead'ore  deposits,  they  are  divided  into  three  classes:  lead, 
lead  and  zinc,  and  lead  silver*  The  Terrible  mine  is  located 
as  a  vein  in  a  limestone  that  is  surrounded  by  eruptive 
rocks.  In  Tennessee^  cerusite  is  found  id  limestone  caves 
and  in  cracks  in  red-colored  slates  or  shales.  It  is  al 
sometimes  observed  as  an  enclosing  shell  and  as  a  crusi 
about  galena.  Galena  is  found  in  granite,  gnetss»  slate, 
sandstone,  and  limestone,  with  associ-ited  minerals.  When 
in  veins,  the  gangue  is  quartz  and  calcite,  with  other 
minerals,  such  as  barlte  and  fluorite  subordinate.  Galena 
also  found  in  veins  in  granite,  gneiss,  sandstone,  limeston 
and  slate  in  the  Appalachian  region,  as  well  as  in  the  Wesi 
In  the  Middle  West,  it  occurs,  in  the  states  of  Illinois,  low; 
Missouri,  and  Wisconsin,  in  bedded  deposits  or  in  cracks  io 
limestone.  In  Southeastern  Missouri,  near  Fredricktown, 
galena  is  associated  with  cobalt  and  nickel  chalcopyrite. 
The  deposits  are  found  in  Trenton  limestone  and  Utica 
shales  both  of  which  contain  organic  matter  that  may  have 
been  the  cause  of  the  galena  being  deposited  where  It  is. 
In  Missouri,  sink  holes  in  the  soil  that  carry  calcite  and 
barite  as  float  minerals,  are  considered  to  indicate  the  pres- 
ence of  lead,  and  in  Illinois  fluorite  is  considered  to  be  an 
indication  of  galena.  In  the  Eastern^  Southern,  and  New 
England  States,  galena  is  found  in  bunches  that  are  usually 
mixed  with  zinc.  Both  sulphides  are  in  dolomite  or  magne- 
sium limestone.  , 

In  many  cases,  zinc  and  lead  sulphides  are  found  m 
magnesium  limestone  as  a  constituent  part  of  the  rock. 
This  limestone,  termed  j^aletta  Hmestene,  is  a  part  of  the 
Lower  Silurian  formation,  and  is  situated  just  above  the 
Trenton  limestone.  The  assumption  is  that  this  limestone 
was  the  source  of  the  galena  deposits  in  the  Trenton  lime- 
stone; and  the  theory  is  that  descending  solutions  carry- 
ing lead  in  solution  met,   in  the  cracks  of  the  limestonei 


3Sl^ 

er 

m      1 


I 
I 


§41  PROSPECTING  89 

ascending  solutions  that  were  able  to  precipitate  the  lead  as 
sulphide  wherever  there  was  organic  matter.  Lead  sulphide 
has  been  produced  artificially,  it  is  said,  by  suspending  a  bag 
containing  sulphate  of  lead  in  water  that  has  been  saturated 
with  carbon  dioxide,  and  in  which  putrid  fermentation  is 
kept  up.  Lead  sulphide  is  also  at  times  a  furnace  product. 
The  La  Motte  sandstone  below  the  Trenton  limestone  rests 
on  ijranite,  porphyries,  and  diabase  in  the  Missouri  and 
Wisconsin  lead  sections,  and,  as  they  are  aqueo-igneous,  it 
is  probable  that  they  furnish  the  ascending  solutions* 

In  Southeastern  Pennsylvania,  galena  is  found  in  contact 
with  Archaean  gneiss  and  Tnassic  sandstone.  The  Carbon- 
iferous sandstones  in  Northeastern  Pennsylvania  are  highly 
metamorphosed;  and,  on  two  occasions,  galena,  in  combina- 
tion with  quartz,  feldspar,  and  pyrite,  has  been  found, — but 
only  in  very  limited  quantities* 

63.     Lead    Zinc. — Deposits    of   lead-zinc  sulphides  are 

found  in  magnesian  limestone  in  Kentucky,  Virginia,  and 
Tennessee,  as  well  as  in  vertical  and  more  or  less  horizontal 
cavities  in  the  galena  and  the  Trenton  limestone  of  South- 
western Wisconsin,  Eastern  Iowa,  Northwestern  Illinois,  and 
Southeastern  Missouri.  The  Kentucky  deposits  are  said  to 
be  in  the  St.  Louis  limestone,  which  is  synonymous  with 
mountain  or  sub-Carboniferous  limestone.  The  Kentucky 
zone  includes  several  counties  south  of  the  Ohio  River  and 
east  of  the  Cumberland  River.  While  limestone  forms  one  of 
the  walls  of  these  deposits,  sandstone  of  an  undetermined 
age  forms  the  other.  In  Southwestern  Virginia  and  Eastern 
Tennessee,  dnc-lead  sulphides  are  found  in  the  magnesian 
limestone  of  the  Lower  Silurian,  but  not  as  separate  deposits, 
as  is  the  case  in  Wisconsin,  Illinois,  and  Missouri,  In  the 
^ter  states,  galena  is  found  in  cavities  above  the  sphalerite* 
rhile  in  Virginia  and  Tennessee  the  sulphides  are  in  bunches 
or  else  are  disseminated  through  the  rock.  The  Missouri 
sulphides  seem  to  be  the  products  of  second  concentration, 
while  the  others  are  products  of  first  concentration,  the 
magnesian  limestone  being  the  magma. 
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66.     Lead-Silver  neposlts*— The  quantity  of  lead  b 

lead-silver  deposits  is  many  times  in  excess  of  that  of  silver. 
At  the  present  time,  most  lead-silver  ores  come  from  the 
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Rocky  Mountain  mines  and  from  Mexico*  These  ores  occur  in 
limestone  that  is  associated  with  aqueo- igneous  rocks.  Fig." 
is  a  cross-section  showing  the  rocks  at  Lead  villa,  Colorado; 
a  is  white  porphyry;  d,  blue  limestone;  r»  ore;  d,  gray  porphyry; 

and  e,  white  limestone.  Tliese 
ores  are  oxidized  at  the  swr- 
face — a  fact  that  the  pro&pccloT 
should  bear  in  mind.  While 
anglesite  appears  rusty  and 
dirty  at  the  surface » it  is  adaman- 
tine when  not  stained;  with  i 
white  to  a  gray- green  color,  aod 
a  coochoidal  or  a  basal  fracture. 
Cerusite  is  likely  to  be  dirty  it 
the  surface,  but  a  fresh  piece  wiU 
be  milk-w^hite,  almost  like  porce* 
lain — or  else  an  adamantioe 
whitish  gray— with  conchoidal 
fracture.  Its  easy  fusibility  is 
another  disttnguishing  feature* 
Below  water  level ♦  the  sulphide  lead-silver  ores  appear. 

At  Aspen,  Colorado^  the  ores  are  sometimes  similar  la 
those  of  Leadville*  and  are  nearly  always  in  limestooes  ia 
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contact  with  such  eruptive  rocks  as  porphyry  or  near  aqueo- 
igneous  rocks. 

Fig.  8  is  a  section,  by  J.  E.  Spurr,  of  the  Bushwacker  mine 
at  Aspen,  Colorado.  Alluvial  drift  is  seen  at  a,  Carbonifer- 
ous limestone  at  by  dolomite  at  r,  eruptive  rock  at  d,  and  ore 
bodies  at  e.  The  rocks  are  faulted.  Another  section  by 
Spurr  gives,  from  the  bottom  up,  granite,  Cambrian  quartzite, 
Silurian  dolomite,  Devonian  quartzite  (thin).  Carboniferous 
limestone  (with  a  contact  fault  in  which  ore  bodies  are 
found)  and  finally  shales,  porphyry,  and  drift. 

The  lead-silver  ores  in  the  Eureka,  Nevada,  district  are 
said  to  be  in  fractured  Cambrian  limestone;  while  similar 
ores  are  found  in  the  Carboniferous  limestones  of  Utah. 
Mexico  is  rich  in  lead-silver  ores. 
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ORE  DEPOSITS— (Contlnned) 


PBOSPECTIKG  FOR  SILTEKf 


BILVER-ORE    I>E POSITS 

1.  DUtrlbutton  of  Silver  Ores.— The  rocks  that 
contain  silver  are  not  limited  to  any  age  or  formation,  nor 
are  the  ore  deposits  limited  to  veins  alone,  for  rich  silver 
deposits  are  found  in  beds,  in  veins,  and  in  crushed-rock 
areas.  The  gan^^e  rocks  accompanying  silver  deposits  are 
quartz,  catcite,  barite,  feldspar,  and  fluorite.  The  metals 
that  are  almost  invariably  associated  with  silver  are  lead, 
copper,  and  gold  with  subordinate  quantities  of  zinc. 

The  elements  associated  with  silver  to  form  compounds 
are  sulpbur,  antimony,  arsenic,  bismuth,  chlorine,  bromine, 
and  iodine,  and  occasionally  some  other  subordinate  ele- 
ments. Gold  is  usually  associated  with  silver  in  ore  deposits, 
but  the  widely  marked  variations  in  geological  formations 
and  situations  render  it  impossible  to  give  a  list  of  all  the 
conditions  under  which  they  occun 

As  most  silver  is  found  in  the  iorm  of  sulphide,  It  may 
be  assumed,  by  analog-y,  from  the  silver  deposits  known  to 
exist,  that  the  original  mineral  was  a  sulphide  in  an  aqueo- 
igneous  magma.  Silver  sulphides  are  readily  oxidisable, 
and  any  silver  taken  in  solution  could,  in  circulating  through 

Q^mrAtef  ^  imUrnattemal  T£xiboak  Company.    Mmiet^d  at  Sialifmiri'  NalL  lendam 
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rock  crevices,  be  deposited  by  precipitation  as  sulphide, 
chloride,  antimonide,  and  arsenide,  and  probably  also  in 
some  other  form,  such  as  native  silver.  Galena  appears  to 
be  the  most  prolific  source  of  silver  for  secondary  concen- 
tration; next  in  order  comes  either  native  copper  or  copper 
pyrite;  finally  pyrite  and,  at  times,  sphalerite  contains  silver. 

2«  Sliver  Deposits.— ^While  silver  occurs  in  veins  and 
beds — both  of  the  older  and  of  the  more  recent  formations — 
there  are  three  distinct  kinds  of  deposits  whose  orig^in  can 
be  traced  to  solutions  derived  from  aqueo-igneous  mag^mas, 
either  of  the  Archaean  or  of  the  more  recently  disturbed  and 
eruptive  magmas. 

These  classes  of  deposits  are  as  follows: 

1.  The  first  class  of  deposits  is  made  up  of  fissure  veins 
that  have  become  filled  by  ascending  solutions  bearing 
minerals.  This  kind  of  deposit  may  have  been  shattered, 
and  secondary  concentration  have  resulted  by  downward 
mineral-bearing  solutions. 

2.  A  second  class  of  deposits  is  found  in  sedimentary- 
rock  beds,  either  in  horizontal  or  in  vertical  joint  planes. 
Similar  deposits  are  found  in  contact  veins.  These  deposits 
are  probably  all  of  secondary  concentration,  and  are  found 
in  contact  with  or  near  by  eruptive  rocks  or  older  aqueo- 
igneous  formations.  There  are  indications  that  a  third 
concentration  has  occurred  in  some  deposits  of  this  nature. 

3.  The  third  class  of  deposits  is  found  in  rocks  that  were 
shattered  by  dynamic  disturbances  and  reunited  by  deposits 
from  mineral  solutions.  This  kind  of  deposit  is  not  confined 
to  aqueo-igneous  rocks,  but  is  found  in  slates  and  sedi- 
mentary rocks  that  have  been  metamorphosed.  Where  the 
rock  has  been  shattered  and  healed,  the  deposits  are  termed 
stockwork;  and  where  the  slates  have  had  their  leaves 
opened  and  mineral  solutions  injected,  the  deposits  are  said 
to  be  Impregrnatlons. 

3.  Native  Sliver. — Silver  is  seldom  foimd  native, 
unless  it  is  associated  with  some  other  metal,  such  as  gold 
or   copper,    or   has   been   precipitated    from    solutions    by 
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^rbonaceous  itiateriah  Gold  is  seldom  found  free  from 
Iyer — even  placer  gfold  contains  a  certain  amount.  In  the 
eke  Superior  copper  mines,  silver  is  found  attached  to 
^tive  copper^ — sometimes  in  large  masses.  The  present 
Utte,  Montana,  copper  mines  were  first  worked  for  silver 
5d  ^oldt  the  pyrites  containing  those  metals  having  been 
stidized  and  leached  to  a  considerable  depth.  At  the 
muggier  mine»  Aspen,  Colorado^  native  silver  is  found 
lat  is  the  product  of  third  concentration^  the  steps  being 
alena  to  silver  sulphide,  and  the  latter  to  native  silver. 

4-  Argentltei — ^Arfrenttte,  knovi^n  also  as  silver giamt, 
iirtons  silver^  and  silver  sulphide,  contains  87*1  per  cent,  of 
ilver  and  12  per  cent*  of  sulphur*  Tt  is  sometimes  found 
rystallizedi  but  more  often  it  is  amorphous.  The  mineral 
an  be  cut  with  a  knife,  has  a  lead-gray  color,  and  wnll  give 

silver  button  when  melted  on  charcoal  by  the  blowpipe. 
rhen  in  quartz  veins,  argentite  is  probably  the  product  of 
rst  concentration  from  solutions  that  ascended  the  fissure. 
'he  associated  minerals  in  such  cases  are  galena,  blende, 
yrite,  and  chalcopyrite,  with  gangue  of  quartz.  With  other 
angues  there  may  be  other  minerals,  such  as  sulphides, 
rsenides^  antimonide&,  and  tellundes.  When  oxidized* 
Iver  sulphide  may  be  converted  into  other  silver  minerals 
r  even  into  native  silver. 

At  the  Ontario  silver  mine,  Summit  County,  Utah,  there  is  * 

fissure  vein  that  averages  8  feet  in  width  for  6,000  feet  in 
EOgth.  At  the  surface,  the  fissure  is  in  quartzite,  but  at  con- 
.derable  depth  it  comes  in  contact  with  porphyry.  At  the 
laly-West  mine  in  Utah,  one  wall  of  the  vein  is  lime- 
:one,  and  associated  with  the  argentite  are  galena,  PhS, 
ahalerite,  ZnS,  and  tetrahedrite,  Cu^Sb^S,,  From  the 
scidation  of  silver  sulphides,  insoluble  silver  minerals  such 
s  cerargyriie,  AgOy  bromyrite^  Ag^Br^  embolite^  Ag(CiBr), 
nd  iodyrite,  A^A  are  formed* 

5 ,  Py ra rjpTl t e ,  — Pyrargfyrl  t e ,  cal I ed  also  rtidy  silver 
nd  dark  red  silver  ore,  contains  less  silver  and  more  sulphur 
dan  argentite,  and  has  in  its  composition  antimony  as  well. 
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When  powdered,  the  mineral  has  a  purplish-red  color  and 
gives  a  red  streak,  although  in  its  native  state  it  is  hlack- 
looking  with  a  reddish  tiiige,  Fts  luster  is  inetallic,  and  its 
fracture  conchoidal;  and,  on  account  of  the  antimony  present, 
it  is  qnite  easily  fused.  The  mineral  is  attacked  by  nitric 
acid,  leaving  a  white  residue  of  antimony  that  will  disappear 
if  dried  and  heated  on  charcoal  before  the  blowpipe. 

In  some  localities  the  pyrargyrite  is  sufficiently  abundant 
to  be  classed  as  an  ore,  but  it  is  usually  subordinate  to  some 
other  silver  mineral.  At  the  Poorman  mine  in  Idaho,  at  the 
Tonopah  mines,  Nevada,  and  at  the  Ruby  Silver  mine  near 
Butte,  Montana,  it  is  quite  abundant*  The  altered  products 
of  the  mineral  such  as  cerargyrite,  and  possibly  secondary 
sulphides,  would  form  under  proper  conditions,  as  well  aa 
native  silver  and  haloid  silver  compounds*  ■ 

6i  Stephanlte.— ^Btephanlte*  A£^tS^S*,  called  also  ^n/- 
iie  Si  her  and  ^/ack  silver,  is,  as  its  common  names  would 
suggest,  a  black  and  brittle  mineral,  and  is  composed  of 
68,5  per  cent,  of  silver,  15,3  per  cent,  of  antimony,  and 
16,2  per  cent,  of  sulphur*  Usually,  stephaniie  is  assodatedj 
with  pyrargyrite,  both  minerals,  when  in  veins,  being  prob 
ably  the  product  of  first  concentration,  and,  when  in  beds,  of 
secondary  concentration;  in  either  situation,  both  mineralti 
seem  to  be  subordinate  to  polybasite.  Both  the  streak  and 
the  color  of  stephanite  are  iron-black — ^peculiarities  that  dis- 
tinguish it  from  pyrargyrite. 

When  stephanite  is  heated,  antimony  fumes  are  given  off, 
thus  showing  the  presence  of  that  element;  when  stephanite 
is  placed  in  a  solution  of  nitric  acid,  the  silver  is  dissolved 
out*  its  presence  being  detected  by  the  fact  that  a  bright 
piece  of  copper  becomes  silver-plated  when  immersed  in  the 
solution. 

7*  Polybasfte. — Polybaslt©  is  a  mineral  that  some- 
what resembles  stephanite,  but  differs  from  the  latter  in  that 
it  has  arsenic  and  copper  in  its  composition,  in  addition  to 
sulphur  and  antimony.  It  seems  to  be  a  secondary  product 
derived    from    argentiferous    galena.     The    famous    silver 
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mines  of  Aspen^  Colorado,  have  a  deposit  o£  this  tumeral 
adjacent  to  galena,  the  gan^^ue  beingr  barite.  At  Neihart, 
Montana,  rich  pockets  of  polybasite  occur  in  quartz  veins 
associated  with  galena  and  sphalerite,  but  even  in  this  case 
the  deposits  seem  to  be  of  secondary  origin.  As  a  rule,  all 
bonanzas  are  either  secondary  or  tertiary  concentrations,  and 
polybasite  is  the  preeminent  silver  bonanza  mineral. 

8.  Cerargyrlte,^ — Cerar^yrlte,  AgCl,  known  also  as 
karn  silver  and  stiver  chloride^  is,  when  pure,  translucent, 
sectile,  resinous  in  luster,  resembles  somewhat  wax  or  horn 
in  appearance,  and  varies  in  color  from  pearl-gray  to  violet- 
brown,  The  composition  of  cerargyrite  is  silver  75<3  per 
cent.,  and  chlorine  24.7  per  cent.,  the  combination  being  an 
insoluble  compound  in  water  and  nitric  acid*  It  is  not  an 
uncommon  mineral  for  it  is  found  in  various  localities,  par- 
ticularly in  Calif ornia»  Nevada,  and  Utah,  where  areas  of  salt 
water  are  found.  This,  however,  does  not  limit  its  extent, 
as  it  is  also  found  in  Arizona,  Idaho,  Montana,  and  Colo- 
rado, and  probably  elsewhere.  In  Nevada,  there  are  quartE 
veins  containing  silver  chloride  that  cut  granite,  slates,  and 
quartzites  in  the  order  named.  At  Silver  Reef,  Utah,  native 
silver,  cerargyrite,  and  argentite  impregnate  Tnassic  sand- 
stones, and  often  replace  organic  remains.  There  are  two 
silver-bearing  strata  at  this  place,  with  beds  of  shale  between. 
When  above  water  level,  the  beds  carry  cerargyrite;  when 
below  water  level,  they  carry  argentite.  At  times,  no  ore 
is  noticeable  in  the  sandstone;  nevertheless,  it  sometimes 
assays  $30  a  ton* 

9,  Proustlte.^ — Proustlte^  Ag^AsS^  or  light  nihy  silver^ 
is  light  red  in  cu*ur,  and  differs  in  other  respects  from  pyrar- 
gyrite,  for  instance,  in  that  it  contains  arsenic*  The  luster 
of  proustite  is  adamantine;  its  streak,  scarlet  red;  its  tenacity, 
sectile  to  brittle;  and  it  is  easily  fusible.  Sometimes,  anti- 
mony is  entirely  wanting;  at  other  times,  there  is  a  little 
present  in  addition  to  arsenic.  The  percentage  composition 
of  the  mineral  is  given  as  silver,  65.5  per  cent.;  arsenic, 
15.1  Der  centp,*  and  sulphur,  19*4  per  cent.     When  treated 
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on  charcoal  before  the  blowpipe,  the  antimony  fames  are  nol 
copious,  their  place  being  taken  by  the  garlic  odor  of  arsenic. 
Another  silver  niinera! — having  an  adamantine  luster^  a 
fire-red  color,  a  pinacoidal  fracture  and  in  groups  of  delicate 
crystals — ^is  pyrostltputte,  which,  though  resembling  prom 
tite,  is  not  likely  to  be  confounded  with  it. 


HINTS    OS    SILVER    PBOSPECTIKG 

10,  Output  of    Silver, — There    are    few    mineralked 

acnes— especially  copper  and  lead  deposits — that  do  not 
contain  some  silver,  for  which  reason  indications  of  such 
deposits  are  not  to  be  overlooked  when  prospecting  for  sti- 
ver. The  greatest  quantity  of  silver  produced  in  the  United 
States  results  from  copper  refining;  next,  from  base-bullion 
refining;  and  lastly,  from  silver-gold  mining.  In  this 
country,  few  silver  mines  are  worked  for  silver  alone;  as 
lead-silver  propositions,  however,  they  are  worked  emten' 
sively,  since  gold  is  frequently  found  associated  in  such 
mineral  combinations*  When  the  silver  contents  of  an  ore 
increase,  it  frequently  happens  that  the  tenor  in  gold  also 
increases.  While  silver  minerals  are  for  the  most  pari  dark 
colored,  the  silver  compounds  of  chlorine,  broniinep  and 
iodine  are  light  colored. 

What  has  been  stated  in  regard  to  veins  and  deposits  near 
or  in  aqueo-igneous  rocks  applies  also  to  silver, 

11,  Colorailo   and    Montana    Sliver    Deposits. — At 

Aspen,  Colorado,  the  Carboniferous  limestone  is  in  two 
beds.  The  division  between  the  blue  and  the  brown  lime- 
stone is  termed  the  anitact  fanit;  in  it,  silver  lead  is  found 
Between  the  blue  limestone  and  the  shales  above  it,  another 
ore  sheet  is  found,  called  the  siher  ronfaci.  This  shee^  is 
quite  rich  in  silver,  particularly  where  cross-faults  occur. 

At  Butte,  Montana,  silver  occurs  in  the  gossan  above  the 
copper.  The  country  rock  there  is  granite  that  has  been 
fissured  in  some  manner,  and  the  fissures  have  been  filled 
with  pyrites.  Fissure  veins,  with  qnartas  gangue  and 
argentiferous  galena,  also  occur  m  granite.     Ruby  silvei 
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associated  with  goId»  is  found  in  veins  that  have  gray 
granite  country  rocks. 

12.     Nevada  ami  Idaho  Silver  De post ts*— The  CotD- 

stock  lode  in  Nevada  carries  g^old  and  silver  in  quartz  gangue, 
the  lode  being  in  diorite.  In  the  Eureka  district,  the  oxidized 
lead-silver  ores  with  some  gold  are  irregularly  distribtited 
through  veins  in  Cambrian  limestone  and  shales* 

The  ores  in  the  Coeur  d'Alene  district,  Idaho»  are  argen- 
tiferous galena  with  siderite  gangue  occurring  in  folded  schists 
and  quartzites  as  country  rock.  The  veins  are  near  syenite 
and  basalt  dikes*  The  principal  minerals  are  quartz^  siderite, 
galena^  zinc  sulphide,  and  pyrite;  but,  at  the  surface,  carbon- 
ates* iron  and  manganese  oxides,  and  native  silver  occur. 
The  Bunker  Hill  lode  cuts  anticlines  and  synclines  for  a 
length  of  6,000  feet.  All  the  mineralization  is  said  to  be  on 
the  hanging-wall  side  of  the  fissure  next  to  the  quartzite. 
For  from  100  to  300  feet  in  the  shattered  quartzite,  the  joints 
and  seams  have  been  filled  with  galena,  quartz,  and  iron 
carbonate. 

13t  Ne^v  Mexico,  Utah,  and  Arizona  Silver 
l>eposlt*ii.™New  Mexico  furnishes  silver-lead  ores  that  are 
found  in  Paleozoic  limestones.  In  Beaver  County,  Utah,  a 
fissure  vein  is  found  in  trachyte  associated  with  argentiferous 
galena,  sphalerite,  and  barite*  Quartz  veins  that  carry  argen- 
tiferous galena  also  are  found  in  trachyte.  In  the  Tomb- 
stone district,  Arizona,  horn  silver,  associated  with  galena, 
free  gold,  pyrite,  and  lead  carbonate,  is  found  in  a  porphyry 
dike  that  is  70  feet  %vide.  The  gangue  is  quartz,  and  the 
porphyry  has  been  altered  and  faulted,  making  the  present 
deposit  of  a  secondary  nature. 

The  Bull  Domingo  mine,  at  Silver  Cliff,  Colorado,  and  the 
Bassick  mine,  at  Rosita  near  by,  are  apparently  the  necks  of 
ancient  volcanoes.  These  necks,  called  chimneys,  are  found 
In  gneiss  country  rock,  near  dikes  of  granite,  syenite,  and 
andesite.  They  contain  boulders  of  granite,  gneiss,  and 
syenite,  w^hich  are  coated  with  silver  sulphides  carrying 
gold   and   associated    with    galena^    sphalerite,   pyrite,   and 
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chalcopyrite.  At  Silver  Cliff,  porous  rhyolite  contains  small 
fissure  veins  carrying  chloride  of  silver  and  black  manganese 
minerals. 


14,     Conditions    Under    Which    Silver    ts    Foundr 

When  the  various  conditions  under  which  silver  is  found  are 
grouped,  it  will  be  noticed  that  in  nearly  every  case  the 
veins  are  in  or  near  aqueo-ig:neous  eruptive  rocks,  and  thai 
deposits  are  in  sedimentary  rocks  adjacent  to  eruptive  rocks. 
If  the  solution  is  basic  and  carries  metal  minerals*  then  the 
deposit  is  in  acid  rocks  or  on  the  acid-wall  side  of  the  vein, 
with  usually  a  basic  gangue;  again,  if  the  solution  is  acid* 
it  will  deposit  its  minerals  in  basic  rocks  and  on  the  basic- 
wall  side  of  the  vein.  There  are  numerous  inStances  where 
veins  cross,  and  at  the  junction  of  such  fissures  the  mineral 
is  quite  rich,  probably  because  basic  and  acid  solutions  have 
met»  It  is  noticeable  that»  in  such  instances,  the  character 
of  the  mineral  aad  that  of  the  vein  rock  change  on  the  oppo- 
site sides  of  cross-fissures.  The  Penoles  mine,  at  Mapimi, 
Mexico,  is  a  good  illustration  of  veins  crossing.  The  veins 
are  in  limestone  at  the  Ojuela  mine»  where  for  a  depth  of 
1,900  feet  the  mine  was  dry.  With  the  exception  of  galena 
and  antimony  sulphide,  the  ore  was  oxidized;  at  the  depth  of 
2,100  feet,  water  was  encountered,  when  the  ores  changed 
to  sulphides,  antiraonides,  and  arsenides.  Near  by  the  lime- 
stones were  dikes  of  porphyry  and  other  eruptive  rocks. 
The  deposit  at  the  junction  of  the  veins  was  quite  wide, 
making  it  possible  to  mine  several  hundred  tons  of  ore  daily* 
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QOhn  DEPOSITS 

15,    Distribution  of  Gold. — Gold  is  said  to  be  wherever 

one  finds  it,  since  it  is  widely  distributed  in  small  quantities 
in  nearly  all  formations.  Gold  is  seldom  found  in  large 
quantities,  and  seldom  in  paying  quantities — outside  oL 
placer  deposits-sunless  associated  with  other  metals^    1 
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original  gold  deposits  seem  to  have  been  deep-seated  mag- 
mas»  which  contracted  on  cooling  and  so  became  fissured. 
The  solutions  that  closed  the  fissures  were  mostly  quartzose 
carrying  sulphide  minerals  and  gold.  In  timei  when  these 
rocks  and  veins  were  eroded,  placer  deposits  were  formed* 
It  is  from  the  erosion  of  rocks  carrying  gold  that  the  pros- 
pector traces  float  gold  up  to  the  original  deposit*  The 
prospector  will  find  gold  in  the  newest  as  well  as  in  the  oldest 
rocks,  and  probably  always  associated  with  quartz,  whether 
the  metal  is  in  slate,  limestone,  granite,  or  alluvial  rock. 
Table  I  shows  the  geological  distribution  of  gold. 

TABLE   I 
eEOJLOOtCAL    DISTRIBUTION    OF    GOl4l> 


Period 


Hoek 


DUCiicI 


R«tl<ni 


Quatemsiry  , 

Tertiary  ,   .  . 

Cretaceous 

Jurassic   ,   ,  . 

Tria-^ic    ,   .  , 

Permian  .    .  , 
Carboniferous 

DevDiiian    .  . 


Silurian   .   .   . 

Cambrian   .   . 

Pre-Carabrian 

ArcbjEan     *   . 


Andesite 
Eruptive 
Green  porphyry 

'  Gray  porphyry 
Green  porphyr>' 
Amphibolite 
schist 

Limestone 

Conglomerate 

Shale 

{Conglomerate 
Shales 

'  Slate  and  sand- 
stone 

Eruptive 

Slate  and 

quartzite 
Chlorite  schists 
Chlorite  schists 

(Schist 
Hornblende 
schist 
{Granite  and 
schist 


Monte  Cnsto 
Cripple  Creek 
White  Oaks 
Parsons 
Santiago 

Mariposa 

Ralbl 

Stupna 

Gympie 

Witwatersrand 

Boivnian's  Creek 

Bendjgo 

MoDtgoraery 
County 

Waverley 

Farqnier  County 
Randolph  County 
Horaestake 

Kola  Gold  Fields 
Lake  of  the  Woods 


Washington 
Colorado 
New  Mexico 
New  Mexico 
Cubk 

California 

Carinthia 

Bohemia 

Queensland 

Transvaal 

Pennsylvania 

Victoria 
Virginia 

Nova  Scotia 

Virginia 
North  Carolina 
South  Dakota 

India 
Ontario 
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16.  Modifyln^r  Conditions. — There  are  cases  where 
silver-lead  ores  or  silver-copper  ores  carry  small  quantities 
of  gold,  and  then  the  gangue  may  not  be  quartz  entirely,  as 
the  deposits  are  of  secondary  concentrations.  There  have 
been  fissures  in  rocks  up  to  the  Cretaceous  formations,  and 
through  them  aqueo-igneous  magmas  have  been  intruded  as 
dikes.  These  aqueo-igneous  magmas  have  sometimes  been 
mineralized,  and  fissures  in  them  have  been  filled  with  rich 
minerals.  There  are  also  slates  and  sandstones  that  have 
been  dynamically  distorted  so  as  to  furnish  cracks  and  crevices 
through  which  mineralization  has  taken  place,  particularly 
near  by  dikes  of  eruptive  rocks.  The  gold-bearing  slates  of 
California  and  the  Cambrian  schists  of  the  Appalachian 
Mountains  are  of  this  class.  In  some  cases,  the  rocks  have 
been  shattered,  and  through  the  shattered  zone  minerals 
have  been  distributed. 

PROSPECTING  FOR  IRON  ORB 


IRON-ORE    DEPOSITS 

17.  Orlfirin  of  Iron  Ores. — The  various  iron-ore 
deposits  in  different  parts  of  the  country  are  proofs, 
evidently,  of  different  modes  of  formation.  Most  of  them 
are  secondary  formations,  while  the  more  recent  deposits  are 
tertiary  concentrations.  The  original  iron  was  probably 
derived  from  magmas  of  the  aqueo-igneous  variety,  such 
as  the  granite  and  gneiss  of  the  Archaean.  This  magma 
produced  the  mineral  magnetite,  while  such  eruptive  aqueo- 
igneous  magmas  as  are  found  in  the  great  outburst  of 
Virginia  and  in  various  other  parts  of  the  country  produced 
the  great  iron-sulphide  deposits.  From  such  deposits,  it  is 
probable  that  all  secondary  deposits  of  iron  ore  are  derived. 

18.  Distribution  of  Iron  Ores. — Iron  ore  is  found  in 
the  rocks  of  all  ages,  but  in  the  United  States  the  most 
important  deposits  are  in  pre-Cambrian  rocks.  The  Clinton 
limestones  and  the  Oriskany  sandstone  are  quite  productive 
iron-bearing  rocks,  but  their  ores  are  not  so  valuable  from  a 
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commercial  standpoint.  There  are  black*band  ores  in  some 
states  and  large  deposits  of  siderite  that  are  not  worked 
because  of  better  iron  ores  being  obtainable*  In  England, 
France,  and  Germany*  the  chief  iron  ore  is  the  carbonate, 
and  for  making  mixtures  the  better  kinds  of  iron  ore  are 
imported  from  Spain*  Italy,  and  Algeria. 

The  iron  ores  of  Spain,  Cuba,  and  San  Domingo  are  of 
Bessemer  quality»  and  find  a  ready  market  in  foreign 
countries. 

19.  Iron  is  seldom  found  native,  except  as  in  meteorites 
and  in  other  rare  cases.  The  chief  iron  ores  are  all  oxides 
of  iron,  with  the  exception  of  iron  carbonate.  It  would 
seem  as  if  pyrite  should  be  included  in  the  list  of  iron  ores, 
but,  as  it  is  used  in  the  manufacture  of  sulphuric  acid,  and 
not  in  the  manufacture  of  iron,  it  is  properly  termed  a  sul- 
phiu"  ore<  A  brief  description,  however,  is  given  of  iron 
pyrites  in  another  place  (Art,  50). 

20,  Appalacliian  Iron  Ores* — Rich  magnetite  ores  are 
found  in  the  pre-Cambrian  rocks  (usually  granite  or  gneiss) 
from  Lake  Cham- 
plain  to  Cranberry, 
North  Carolina.  The 
hematites  of  the 
Appalachian  range 
are  fouhd  in  the 
Clinton  limestone,  at 
Clinton,  New  York, 
in  Tennessee,  and  in 
Alabama.  There  is 
a  poor  deposit  of 
this  ore  in  Tazewell 
County,  Virginia* 

The  Appalachian 
Mountain  region  is 
also  prolific  in  limonites  that  are  of  more  recent  age.  These 
ores  are  found  in  contact  with  limestones  of  the  Carbonif- 
erous,  Devonian,    and   Silurian   periods.      Pig.  1   shows   a 
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section  of  Ritch  Patch  Mountains  in  Alleghany  County, 
Virginia.  The  limestone  a  is  considered  to  be  the  Upper 
Helderberg  of  the  Upper  Silurian  period;  while  the  sand- 
stone h  is  considered  to  be  the  Oriskany  of  the  Devonian 
period. 

21.  Liakc  Superior  Iron-Ore  Regrion. — The  best  ores 

from  a  commercial  standpoint  are  those  found  in  Minnesota 
and  Michigan  in  what  is  termed  the  Lake  Superior  region. 
The  rocks  in  this  section  are  Archaean  and  pre-Cambrian. 
The  iron  ores  of  Lake  Superior  are  found  in  certain  rocks 
that  have  been  termed  the  iron-bearing  formations  in  that 
section.  These  rocks  are  as  follows:  (1)  cherty  iron  car- 
bonates; (2)  ferrous-silicate  rocks;  (3)  pyritic  quartz  rocks; 
(4)  ferruginous  slates;  (5)  ferruginous  cherts;  (6)  jaspi- 
lites;  (7)  amphibolic  schists;  (8)  iron-ore  deposits;  and 
(9)  detrital  ferruginous  rocks  derived  from  the  foregoing. 
The  rocks  have  been  disturbed,  and  dikes,  igneous-rock 
flows,  etc.  are  frequently  in  evidence.  The  ores  are  found 
in  relatively  impervious  rock,  usually  an  altered  igneous 
dike — now  hornblendic  and  dioritic,  but  originally  composed 
of  diabase. 

22.  Impurities  In  Iron  Ores. — Most  iron  ores  con- 
tain impurities,  and  those  that  contain  sulphur,  phosphorus, 
or  titanium  in  considerable  quantities — for  instance,  I2  to 
2  per  cent. — are  not  suitable  for  the  manufacture  of  some 
classes  of  pig  iron.  Sulphur  makes  iron  brittle  when  hot, 
and  destroys  its  welding  properties;  while  phosphorus  makes 
iron  brittle  and  hard  when  cold.  Titanium  is  said  to  make 
iron  cold  short;  little,  however,  is  known  in  regard  to  this 
element  and  its  effect,  except  that  it  makes  iron  hard  and 
more  difficult  to  smelt  in  the  blast  furnace. 

Ore  for  making  Bessemer  pig  iron  should  not  contain 
more  than  .05  per  cent,  of  phosphorus.  Manganese,  although 
an  impurity,  is  sometimes  desirable,  since,  when  it  is  in 
sufficient  quantity,  ferromanganese  may  be  made. 
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I  OXIDES    OF    IRON 

■  23.  Mtiprnetlte. — Magnetite,  or  magrteiic  iron  ore,  coa- 
f  tains  72*4  per  cent,  of  iron  and  27.6  per  cent,  of  oxygren.  It 
is  black,  and  gives  a  black  streak.  It  is  almost  infusible 
before  the  blowpipe,  bat  when  fluxed  with  borax  in  the 
reducing  flame  gives  a  yellow  glass  bead.  It  attracts  the 
magnetic  needle,  and  on  account  of  this  property  has  received 
the  name  of  iodestofie.  Unlike  most  other  iron  ores,  it  is 
attracted  by  the  magnet  before  roasting.  When  concen- 
trated in  beds,  magnetite  appears  as  a  mass  of  crystals 
cemented  together*  Workable  beds  of  magnetite  are  found 
in  New  York  near  Lake  Champlain,  in  the  counties  of  Put* 
nam.  Orange,  and  Rockland,  and  elsewhere  in  the  eastern 
part  of  the  state*  It  is  also  found  in  the  counties  of  Warren 
and  Siissexi  New  Jersey.  In  the  latter  state,  at  Franklio 
Furnace*  a  magnetite  deposit  containing  zinc  and  manga- 
nese occurs ^  which  is  called  frankiiniie.  These  deposits  are 
lenticular  shaped,  and  peter  out  at  each  end,  as  well  as  with 
depth,  into  the  country  rock.  Some  of  the  New  Jersey  mines 
are  very  deep,  although  in  all  probability  they  are  not  veins. 
While  many  rocks  containing  magnetite  will  not  prove  suffi- 
ciently concentrated  to  be  a  mining  propositioii,  yet  such 
indications  of  mineralization  may  lead  to  ore  deposits. 

24,  Sources  of  Maf^iietlte. — The  older  aqueo-igneous 
rocks,  such  as  granite,  seem  to  be  the  parent  rocks  of  mag- 
netite,  although  many  eruptive  rocks  contain  the  mineral 
in  fine  particles.  Magnetite,  termed  black  sand,  is  nearly 
always  present  in  placer  deposits,  and  many  consider  that  it 
is  an  indication  of  such  deposits  when  in  a  mineralized  zone* 
Unlike  other  iron  ores,  magnetite  is  not  weathered  or 
decomposed  by  atmospheric  agencies.  Magnetite — particu- 
larly if  it  contains  sulphur — may  be  converted  into  hematite 
by  roasting, 

25*  Orl|a:Itj  of  Map^netlte  Deposit s.^ — Metallic  minerals 
are  incorporated  in  aqueo-igneous  rocks  as  a  constituent 
part  of  their  strticture,  increasing  in  quantity  here  and  there 
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as  do  other  minerals  ixot  metallic.     In  some  localities  the 
quantities    have  so    increased   as    to  saturate   the    magma, 

and  thiSf  with   selective  action,  has  grouped   the   melalHe^ 
minerals   into   masses,    which   are    tenned    the  prodiuis 
first  com^ntraimi.     If  the  principle  involved  in  the  free: 
ing  of  salt  water  were   applied  to  the  magnetites  of  New 

York  and  New  Jersey,  it 
would  account  for  these  d^ 
posits,  for  they  show  in 
some  instances  unmistakable 
signs  of  having  been  plastic 
magmas  that  were  capable 
of  being  molded  to  conform 
to  bed  rock.  The  gangue 
that  accompanies  these  de- 
posits IS  usually  feldspar, 
which  also  shows  selective 
tendencies;  that  is,  the  feld- 
spar and  magnetite  while  in 
the  same  bed  are  not  mixed, 
but  occupy  separate  placeSi 
where  they  are  concentrated] 
in  masses  apart  from  ea< 
other.  Unfortunately,  apatite 
seems  to  have  had  greater 
difhculty  in  separating  from 
the  mother  liquor  until  the 
saturation  limit  was  reached, 
when  it  separated  and  crystal- 
lized in  between  the  crystals  of  magnetite  in  such  a  manner 
that  they  cannot  be  separated  without  crushing  and  raagnelii 
concentration. 
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26.     The   Dlpplngr  Nec?<He. — Indications  of  magnetite 

are  found  in  rocks,  in  beds  of  streams,  and  in  lake  sands. 
An  ordinary  horseshoe  magnet  will  usually  determine  this 
mineral,  although  chromite  is  also  magnetic.  Wheti  mag* 
netite  is  under  cover,  the  deposits  may  sometimes  be  found 
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by  the  dipping  needle  shown  in  Fig.  2.  The  needle  is  a 
steel  magnet  pivoted  at  the  center  so  as  to  move  in  a  verti- 
cal plane.  When  there  is  no  attraction,  the  needle  will  be 
horizontal;  but,  as  soon  as  the  needle  comes  within  a  mag- 
netic field,  it  will  be  drawn  from  this  position.  The  tipper 
surface  of  magnetic  rocks  invariably  attracts  the  north  end  of 
the  needle  and  repels  the  south  end,  from  which  it  is  inferred 
that  the  upper  part  of  the  deposit  is  the  south  end.  or  neg- 
ative side,  while  the  lower  side,  or  the  deeper  side  from  the 
surface,  is  the  north  end,  or  positive  side.  From  this,  it  is 
presumed,  with  a  fair  degree  of  certainty,  that  these  deposits 
are  magnetic  owing  to  the  earth's  induction* 

27»     lUiUty  of  DIppliip:  Needle,— While  the  dipping 

needle  will  show  matrnetite,  it  does  not  follow  that  the 
deposit  will  be  commercially  valuable.  For  instance,  while 
a  certain  prospect  shaft  was  beuig  sunk,  the  needle,  instead 
of  pointing  downwards  as 
at  the  surface,  assumed  a 
horizontal  position,  and, 
as  depth  increased,  pointed 
more  and  more  in  a  verti- 
cal direction,  thus  showing 
that  the  deposit  had  been 
passed  through.  From 
this  fact  it  is  inferred  that 
all  locks  that  attract  the 
needle  do  not  necessarily 
contain  large  deposits  of 
magnetite.  While  thin  de- 
posits do  not  exercise  so 
great  an  attraction  as  thick 
deposits,  yet,  as  attraction  or  repulsion  varies  as  the  square 
of  the  distance,  the  areas  immediately  surrounding  the  needle 
will  have  greater  attraction  than  a  thicker  but  deeper  deposit. 
The  area  of  the  thin  deposit,  however,  is  likely  to  be  less  than 
that  of  a  deep-seated  and  thicker  one,  and  thus  give  a  shifting 
attraction,  while  the  larger  deposit,  notwithstanding  its  depth* 
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will  furnish  a  steady  attraction.  The  dipping  needle  shown 
in  Fig.  2  is  known  as  the  Norwegian^  and  has  a  sort  of  uni- 
versal joint.  It  is  not  considered  so  good  a  needle  for  mag- 
netite prospecting  as  one  that  is  allowed  to  swing  in  one 
plane  only,  as  shown  in  Fig.  3.  The  south  end  of  the  needle 
is  weighted  with  a  rider,  to  balance  the  earth's  vertical  attrac- 
tion— either  wholly  or  in  part.  Usually,  the  rider  is  so 
arranged  that  the  north  end  will  dip  about  10°  from  the 
horizontal. 

28.     Prospecting?  With  the  Dipping  Needle. — When 
prospecting  for  magnetic-iron  ore,  the  ordinary  surveyor's. 


Fig.  4 

compass  and  the  dipping  needle  may  be  employed.  Fig.  4 
shows  the  manner  in  which  the  ordinary  compass  needle 
would  behave  in  passing  about  a  body  of  magnetic  ore  situ- 
ated at  a.  If  a  prospector  were  to  start  at  by  the  compass, 
instead  of  pointing  due  north,  would  be  deflected  slightly 
toward  the  ore  body  a\  and,  as  he  advanced  toward  the  posi- 
tion r,  the  deflection  would  become  greater  until  it  reached 
the  maximum  opposite,  or  nearly  opposite,  the  ore  body  a\ 
and  after  he  passed  this  point,  the  attraction  would  become 
less.     Similarly,  in  passing  from  d  to  Cy  the  compass  needle 
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would  be  deflected  toward  the  ore  body  a.  After  having 
passed  over  the  ground  with  an  ordinary  compass  needle, 
and  obtained  some  conception  of  the  position  and  extent  of  a 
deposit,  the  prospector  uses  the  miner's  compass,  or  dipping 
needle  J  to  locate  the  deposit  definitely. 

Assume  that  Fig.  5  is  a  vertical  section  on  the  line  NS  of 
Fig*  4,  If  the  dipping  needle  were  taken  from  the  point  S 
toward  the  point  N,  the  dip  would  vary  until  the  needle 
pointed  directly  dovvnw^ards  when  over  the  center  of  the 
deposit,  and  then  after  passing  the  center  it  would  be 
inclined  less  and  less  in  the  opposite  direction. 

20i  LlmltAtions  of  Dippings  Needle, — If  the  ore  dips 
away  from  the  needle,  the  degree  of  attraction  wnll  not  be  so 
gradual  as  when  the  ore  is  dipping  toward  the  approach  of 
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the  needle.  After  the  strike  of  an  ore  body  has  been  deter* 
mined,  it  is  usual,  in  order  to  determine  its  width  and  dip,  to 
survey  the  ore  body  at  stated  distances  along  the  strike,  the 
surveyor  moving  at  right  angles  to  it.  If  the  readings  of 
the  needle  are  recorded,  a  map  of  the  deposit  can  then  be 
made,  and  the  proper  locality  for  testing  the  deposit,  either 
with  a  shaft  or  with  a  diamond  drill,  can  be  determined. 
Some  rocks  that  are  prolific  in  black  magnetic  or  ilmenite 
sand  may  afford  sufficient  attraction  to  cause  the  prospector 
to  be  misled*  unless  he  understands  the  nature  of  the  rocks 
in  which  njagnetite  occurs  in  concentrated  masses.  Again, 
magnetic  iron  ores  carrying  sulphur*  phosphorus,  or  sand 
will  afford  as  much  attraction  as  richer  ores;  and,  of 
course,  deposits  under  thick  surface  covers  will  show  poor 
attraction. 
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30i     Appalacblfin    Magnetite   Deposits. — There   is  a 

series  of  magnetic-ore  deposits  that  extend  from  Lake  Cham- 
plain  to  Cranberry,  North  Carolina,     Most  of  these  lenses 
are  evidently  magmas  formed  by  selective  agency  from  the 
aqueo-igneoBS   rocks,    granite    and   gneiss.     Extending   for 
20  miles  or  more — from   Rockland  County,  New  York»  tc 
Green  Pond,  New  Jersey --the  re  is  a  series  of  magnetite-are"' 
beds  carrying  sulphur.     These  beds  are  in  the  same  rocks 
and  are  parallel  with  the  magnetic-ore  bodies  mentioned;  itxi 
fact^  on  the  Sterling  Iron  &  Railway  Company's  property,] 
the  Redback  mine  is  between  magnetite  deposits  that  are] 
devoid  of  sulphur, 

31.  Pennsylvania  Deposit,— A  deposit  of  magnetic 
ore  occurs  at  Cornwall,  near  Lebanon,  Pennsylvania,  ThiSi 
deposit  carries  about  the  same  amount  of  sulphur  as  th« 
Redback  and  Green  Pond  mines,  but  rests  on  a  dike  of 
diabase  that  cuts  the  Siluro-Cambrian  series.  The  ore, 
according  to  E*  V*  d*Invilliers,  dips  below  the  limestone. 
Since  similar  deposits  are  in  aqoeo-igneous  rocks»  and  are 
evidently  deriyed  from  those  rocks  as  magmas,  it  is  probable 
that  these  deposits  have  a  similar  origin.  Much  has  been 
written  on  this  subject  of  the  origin  of  magnetic-iron  deposits. 
Some  mineralogists  believe  that  they  were  formed  from 
limonites  that  have  become  metamorphosed  into  magnetite. 
As  this  is  something  that  has  not  been  accomplished  artifi- 
cially, it  would  appear  that  the  magmatic  theory  is  a  more 
practical  solution  of  the  question.  The  extent  of  the 
deposits  has  not  been  fully  established. 

32,  Deposits    of    Virginia    and    New   Jersey. — I 

Patrick  County,  Virginia,  there  is  a  bed  of  magnetite  ihaf^ 
evidently  is  of  sedimentary  origin,  the  particles  having  been 
concentrated  as  are  the  beach  sands  off  Block  Island,  nearj 
Rhode  Island.     Sand  is  mixed  with  this  deposit,  which 
probably  of  the  Silurian  form  at  ion »  with  near-by  metamor- 
phosed schists  and  shales.     A  similar  deposit  exists  at  Rocky 
Mount,  in  Franklin  County,  Virginia,     At  Franklin  Furnace, 
New  Jersey,  there  is  a  deposit  of  franklinite  ore  that  consisti 
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mostly  of  magnetite  with  some  zinc  and  some  manganese. 
It  is  in  a  crystalline  limestone  that  is  white  and  pure,  but 
carries  a  little  graphite*  The  deposit  is  evidently  a  magma^ 
having  differently  associated  minerals  from  the  others, 
Titaniferous  magnetites  occur  in  New  York,  New  Jersey^ 
and  North  Carolina — most  of  them  as  magmas,  and  located 
near  magnetite  magmas  that  do  not  contain  titanium. 

33.  I^iike  Huperior  Mti||nettte^> — The  magnetites  of 

the  Lake  Superior  region  are  subordinate  in  quantity  to  the 
hematites,  and  occur  in  the  Archtean  formation  of  the  Mar- 
quette region.  In  the  Penokee-Gogebic  district*  magnetite  is 
found  in  schists  that  are  not  productive,  and  are  probably  of 
sedimentary  origin,  or,  at  least,  are  in  sedimentary  rocks. 

34,  Western  Majccnetlte  Deiiostts, — In  Colorado, 
numerous  magnetite  deposits  have  been  found,  but  they 
have  not,  except  where  the  foot-rock  is  syenite,  proved 
very  satisfactory.  In  California,  magnetite  is  reported  from 
Sierra,  Placer,  San  Bernardino,  and  San  Diego  Counties,  and 
always  in  conjunction  with  metamorphic  rocks  or  aqueo- 
igneous  syenite.  In  Iron  County,  Utah,  near  the  southern 
end  of  the  Wasatch  Range,  the  largest  beds  of  magnetite  in 
the  West  are  said  to  exist-  The  ore  forms  projecting  ridges 
that  are  locally  called  ** blow-outs.'*  The  ore  lies  between 
quart zite  and  granite,  and  this  arrangement  occurs  at  the 
Sterling  mine,  at  Sterling  Lake,  Rockland  County,  New  York. 

35*  Hem  CI  lite  Deposits. — The  mineral  hematite^ 
Fe^Ot,  is  the  most  widely  distributed  and  important  iron  ore 
in  the  United  States.  The  color  of  hematite  varies  from 
blue  to  iron-black,  but  its  streak  is  red.  It  is  sometimes 
slightly  attracted  by  the  magnet,  and  in  its  natural  location 
has  a  disturbing  influence  on  the  compass.  The  varieties  of 
hematite  are  as  follows; 

1.  Siieciilar  Iron  ore  is  a  variety  of  hematite  having  a 
bright  metallic  luster. 

2.  Mleaeeotis  Iron  ore  has  a  foliated  structure* 

3.  Red  liematlte  is  a  submetallic  mineral  with  a  brown- 
ish-red color* 
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4.  Red  ocheir  is  a  soft  earthy  mineral  that  often  con- 
tains clay. 

5.  Red  elialk  is  a  chalk  colored  with  ferric  oxide,  and  is 
firmer  and  more  compact  than  red  ocher,  besides  being  of 
finer  structure. 

6.  Clay  Ironstone,  or  day  iron  ore,  is  the  oxide  or  car^ 
bonate  of  iron  mixed  with  clay*     It  is  a  jaspery  silicioi 
clayey  ore.    The  name  is  also  applied  to  siderite. 

7.  Oolitic  red  ore  is  a  mineral  in  which  the  ore  appears 
as  if  composed  of  numberless  rounded  grains. 

8.  Marti  to  is  an  iron-black  submetallic  ferric  oxide 
crystalli^ioo:  in  octahedrons.  The  ore  is  considered  by  some 
mineralogists  to  be  derived  from  the  oxidation  of  magnetite. 

Hematite  I  when  pure,  is  composed  of  70  per  cent,  of  iron 
and  30  per  cent,  of  oxygen. 


36.     Origin  of  Hematite, — It  is  fairly  well  established 

that  hematite  is  the  product  of  secondary  concentratioR* 
The  original  iron  was  probably  contained  in  aqueo*igneous 
magmas  as  magnetite  pyrrhotite  or  pyrite*  The  Cornwall 
magnetite  in  Pennsylvania  is  roasted  to  expel  sulphur,  during 
which  operation  the  ore  is  converted  into  hematite.  Magnetite 
without  some  impurity  is  difRcult  to  oxidize;  while  magnetite 
containing  sulphur  or  pyrite  is  readily  oxidized  by  air  and 
water.  The  Hmonite  ores  of  Southwest  Virginia  are  prob- 
ably due  to  the  oxidation  of  the  pyrites  from  the  great  out- 
burst and  other  sources*  The  Clinton  hematites  of  the 
eastern  part  of  the  United  States  are  considered  by  some  to 
have  originated  from  the  weathering  of  Clinton  limestone: 
by  others  they  are  said  to  be  due  to  iron  being  deposits 
from  solutions.  The  oolitic  character  of  the  ore  is  ascri 
to  iron  replacing  organic  substances;  to  concretionary  layers 
of  iron  about  sand;  and  to  the  particles  of  iron  after  formation 
being  water  rounded.  The  ore  is  evidently  of  sedimentary 
origin,  rather  than  the  result  of  metasomatosis  or  alteration 
in  place.  The  hematite  of  Minnesota  is  thought  by  Van  Hise 
to  have  been  precipitated  from  iron  solutions^  and  then  to, 
have  been  metamorphosed  and  anhydrated  as  now  found. 
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37.  Appalachian  Hematite  Deposits. — In  the  eastern 
part  of  the  United  States,  there  are  beds  of  hematite  in  the 
Oriskany  sandstone  of  the  Devonian.  This  ore  is  quite  high 
in  phosphorus — at  least  in  Pennsylvania,  West  Virginia,  and 
Virginia.  The  most  important  hematite  in  this  section  of 
the  country  is  the  dyestone,  or  Clinton  ore.  Beds  of  hematite 
are  found  in  the  Clinton  limestone  of  the  Silurian  from 
Canada  to  Alabama;  at  the  latter  place  it  forms  the  chief 
iron  ore.  This  ore  is  high  in  phosphorus  and  somewhat  low 
in  iron  oxide,  but  is  extensively  used  for  pig  iron.  A  hard 
hematite  ore  at  Iron  Mountain,  and  a  hard  specular  hematite 
at  Pilot  Knob,  Missouri,  are  said  to  occur  in  porphyry. 

38.  Geologry  of  iLake  Superior  Iron  District. — The 

iron-ore  deposits  so  far  discovered  extend  in  a  belt  reaching 
from  Marquette,  Michigan,  on  the  east  to  the  Vermilion 
Range,  in  Minnesota,  on  the  west.  Between  these  extremes 
is  the  Penokee-Gogebic  district  of  Wisconsin.  The  iron- 
bearing  rocks  that  contain  iron  in  the  Vermilion  district  are 
considered  to  be  Archaean,  and  have  been  locally  called  the 
Soudan  formation.  The  iron-bearing  rocks  of  the  Penokee- 
Gogebic  district  are  Upper  Huronian,  and  are  called  by 
Van  Hise  the  Irmiwood  formation.  The  Marquette  district  is 
in  the  Lower  Huronian.  The  rock  series  containing  the  ore 
beds  has  been  termed  the  Negaunee.  There  are  six  ore- 
bearing  districts  in  the  Lake  Superior  district;  namely,  the 
Marquette  district,  to  the  northeast;  the  Menominee  district, 
south  of  the  Marquette;  the  Crystal  Falls  district,  to  the  west 
of 'the  Menominee  district,  and  comprising  part  of  Michigan 
and  part  of  Wisconsin;  the  Penokee-Gogebic  district,  north 
west  from  the  Crystal  Falls  district;  and  the  Mesabi  district, 
southwest  from  the  Vermilion  district  in  Minnesota. 

39.  The  Marquette  District. — The  Negaunee  forma- 
tion, which  contains  the  chief  iron-ore  beds  in  the  Marquette 
district,  is  between  the  Goodrich  quartzite  containing  detrital 
ores  at  its  base  and  the  Siamo  slate  containing  interstratified 
amygdaloid.  The  maximum  thickness  of  the  Negaunee  for- 
mation is  between  800  and  1,500  feet,  varying  in  diflEerent 
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locations.  It  is  made  up  of  cherty  iron-bearing  carbonates, 
ferruginous  slates,  ferruginous  cherts,  jasperlites,  magnetite 
schists;  detrital  ferruginous  rocks,  and  ore  bodies.  The  ores 
are  chiefly  soft  red  hematites;  but  there  are  also  some  hard 
specular  hematites  and  subordinate  deposits  of  magnetite 
and  limonite. 

40.  The  Menominee  District. — The  iron  ores  in  the 
Menominee  distri9t  are  principally  gray,  finely  banded  hema- 
tites, and,  to  a  subordinate  extent,  dense  flinty  black  hematites 
and  siliceous  black  and  gray  banded  hematites.  The  ores 
are  in  what  is  termed  the  Vulcan  formation  of  the  Upper 
Huronian.  It  consists  of  three  members  in  the  descending 
order  here  given:  The  Curry  member  is  about  170  feet  thick, 
and  rests  on  the  Brier  slate,  which  is  about  330  feet  thick. 
Above  the  Curry  is  the  Hanbury  slate,  the  lower  portion  of 
which  carries  siderite  and  iron  oxide.  The  Traders  member 
of  the  Vulcan  formation  is  below  the  Brier  slate  and  above 
the  Randville  dolomite  of  the  Lower  Huronian.  It  is  ore- 
bearing,  and  has  a  thickness  of  about  130  feet. 

41.  Tlie  Crystal  Falls  District. — The  structure  of  the 
Crystal  Falls  district  is  very  complicated,  and  the  iron- 
bearing  members  of  the  Upper  and  Lower  Huronian  are 
probably  both  present.  The  only  iron  formation  that  has 
been  largely  developed  is  the  Groveland,  or  the  upper  mem- 
ber of  the  Michigamme  formation  of  the  Upper  Huronian. 
The  ores  obtained  from  this  district  are  soft  red  hematite 
and  brown  limonite. 

42.  The  Penokee-Gogrebie  District. — In  the  Penokee- 
Gogebic  district,  the  ore  deposits  are  in  the  Upper  Huronian. 
The  Ironwood  formation  is  between  the  Tyler  slate  above 
and  the  Palms  quartz-slate  formation  below.  Most  of  the 
ore  is  somewhat  soft;  but  in  places  it  is  hard  blue  slaty  ore. 
The  main  belt  of  this  formation  averages  850  feet  thick,  and 
comprises  cherty  iron-bearing  carbonates,  ferruginous  slates, 
ferruginous  cherts,  and  jasperlites. 

43.  The  Mesabi  District. — The  ore  in  the  Mesabi 
Range  of  Minnesota  is  below  the  Virginia  slate  and  above 
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the  Pokegama  quartz-slate  formation,  in  what  Is  termed  the 
Biwabik  formation*  These  three  members  constitute  the 
Mesabi  series,  or  the  Upper  Huronian.  The  discovered 
workable  ore  deposits  are  mainly  hematites,  west  of  Mesabi 
railway  station.    The  cross-section  (Pig,  6)  shows,  according 


Fig.  G 

to  Professor  WinchelU  the  usual  manner  in  which  iron  ores 
occur  in  the  Mesabi  Range.  In  the  figure,  a  is  glacial  drift; 
b,  ore;  r»  limestone;  d,  quartzite;  and  e,  granite. 

44*  The  Vermilion  DtBtrlet. — ^In  the  Vermilion  dis- 
trict, the  Soudan  formation  contains  the  ores.  Above  the 
ore  are  granites,  porphyries,  and  greenstones,  supposed  to 
be  intrusive;  and  below  is  an  igneous  greenstone.  The  ores 
of  this  district  are  hard  blue  and  red  hematites,  partly 
massive  and  partly  *brecciated, 

45p     Linioiilte.— The  mineral   llnintiite,  known  indis* 

criminately  as  /imonife,  if  town  kema(iit\  brown  ore,  bog'ircn 

,a;if,  etc.,  is  an  iron  oxide  containing  water,  silica,  alumina, 

and  other  impurities.     To  be  of  value,  it  must  be  low  in 

»  phosphorus  and  sulphur,  and  contain  from  45  to  59  per  cent. 
of  iron.  The  pure  mineral  contains  59.92  per  cent*  of  iron 
and  14.4  per  cent,  of  water.  Limonite-ore  deposits  are 
found  widely  distributed  in  the  eastern  United  States  and  in 
the  Rocky  Mountain  regions.  They  are  all  secondary 
deposits  and,  in  the  East,  are  much  mixed  with  earthy 
material.  In  treating  the  limonite  ores  of  New  River» 
Virginia,  it  is  necessary  to  wash  about  5  tons  o!  material  in 
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order  to  secure  1  ton  of  Hmonite  that  will  assay  40  per  cent 
of  iron.  These  proportions  are  varied  somewhat,  according 
to  conditions,  but  they  are  probably  a  fair  average. 
Limonites  usually  contain  phosphorus,  but  not  always  in 
quantities  great  enough  to  prevent  their  use  as  Bessemer- 
iron  ores.  Limonites  carry  also  manganese,  and  in  some 
cases  are  a  source  of  ferromanganese.  Usually  they  are 
high  in  aluminum  and  low  in  silicon. 

46.  Origrin  of  liimonite. — Limonite  orig;inates  from 
iron  pyrites  through  oxidation,  leaching,  and  precipitation. 
Bog-iron  ore  is  being  formed  in  swamps  at  the  present  time, 
and  limonite  also,  in  various  sections  of  the  country.  In  the 
Three  River  district  of  Canada,  limonite  is  being  deposited 
from  Laurentian  rocks.  In  Oregon,  limonite  is  being 
deposited  in  basalt  due  to  aqueous  solutions  leaching 
amygdaloid  basalt  or  diabase  that  carries  pyrite  and  clayey- 
looking  iron  in  the  amygdaloids.  The  limonites  in  the  East 
are  associated  with  limestones,  and  in  the  Lake  Superior 
regions  with  jasperlites  and  siliceous  rocks.  The  Colorado 
deposits  are  important  as  a  soi^rce  of  iron  ore.  The  g:ossan 
resulting  from  the  oxidation  and  leaching  of  pyrite  ores  in 
Virginia  has  been  used  for  pig-iron  manufacture;  but  the 
quantity  is  limited  because  of  the  fact  that  the  percentage  of 
sulphur  becomes  greater  as  the  depth  increases.  Through 
the  Shenandoah  Valley  and  Southwestern  Virginia,  limonite 
is  widely  distributed — sometimes  in  workable  beds,  but  more 
often  in  nodules  of  hematite  occurring  as  boulders  and 
geodes  over  the  surface.  The  same  condition  exists  in 
Eastern  Tennessee,  along  the  Appalachian  Mountain  range. 
The  ore  is  being  formed,  at  the  present  time,  in  many 
swamps  all  over  the  country. 


CARBONATE  AND  SULPHIDE  OF  IRON 

47.  Siderite. — Carbonate  of  iron,  FeCO^,  contains,  when 
pure,  62.1  per  cent,  of  iron  protoxide  and  37.9  per  cent,  of  car- 
bon dioxide.  It  often  contains  some  manganese,  magnesia,  or 
calcium  oxide,  which  replaces  some  of  the  iron.    Carbonate  of 
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iron  is  known  as  spathk  iron^  and  cfmlybiie^  and  some  varieties 
as  clay  iramtone  and  black-hand  ore.  The  last  two  varieties 
are  argillaceous,  and  are  found  in  or  near  the  coal  measures. 
The  clay  ironstone  exists  as  concretionary  balls  in  beds  of 
considerable  extent  and  as  regular  as  the  coal  measures  them- 
selves* The  black-band  ore  contains  bituminous  and  earthy 
matter,  as  well  as  iron  carbonate.  Clay  ironstone  is  found  in 
some  of  the  regular  Carboniferous  formations  in  the  eastern 
part  of  the  United  States.  The  Triassic  and  Cretaceous  coal 
formations  of  the  Wyoming  and  Colorado  districts  are  said 
to  have  black-band  ores<  Crystalline  siderite  is  found  at  the 
Burden  mines  near  Hudson,  New  York,  between  slates  and 
calcareous  sandstones  of  the  Silurian  known  as  the  Hudson 
River  group*  There  are  other  deposits  of  siderite  in  shales 
of  the  Marcellus  stag^e  of  the  Devonian  across  the  Hudson 
River  from  the  Burden  mines* 

48.  Occurrence  of  Siderite. — Siderite  occurs  in  grneiss 
in  fissure  veins  throughout  New  York  and  New  England,  and 
also  as  a  gangue  rock  in  some  of  the  fissure  veins  of  the 

-  West.     The  ore  is  not  much  used  in  the  United  States  on 
I    account  of  an  abundance  of  better  ores.     Mesitiie  is  an  iron- 
magnesium  carbonate.     Ankeriie  is  something  like  mesitite, 

-  bm  contains,  in  addition*  a  large  percentage  of  calcium.    The 
I    decomposition  of  ankerite  in  dolomitic  limestones  is  said  to 

be  a  source  of  limonite.     Professor  Van  Hise  believes  that 

-  much  of  the  hematite  ore  in  the  Lake  Superior  iron-ore  region 
I   is  derived  from   limestones  by   the  decomposition  of  this 

mineral. 

49,  Pyrlte.— Beds  of  pyrite,  FeSt,  are  found  in  the 
older  formations,  such  as  the  Cambrian  or  the  Huronian. 
The  most  usual  rocks  for  large  masses  are  Arch^an 
gneisses  and  Cambrio-Silurian  schists  and  slates.     Many  of 

t  these  deposits  are  in  fissures  or  in  dikes.  Pyrite  sometimes 
carries  copper,  and  often  gold.  It  is  an  associate  of  gold  m 
quartz  veins — in  fact^  when  not  present  it  is  considered  a 
rather  unusual  occurrence.  Sulphureis,  as  auriferous  pyrite 
is  called,  may  contain  copper,  silver,  nickel,  and  cobalt. 
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50,  Near  Charlemont,  Massachusetts,  in  Pilleys  Island, 
Newfoundland,  in  Virginia  at  Mineral  City,  in  North  Caro- 
lina, and  in  Colorado,  pyrites  are  mined  extensively  for  the 
purpose  of  making  sulphuric  acid  and  sulphur.  There  is  a 
considerable  demand  for  pyrite  for  making  sulphuric  acid; 
and,  as  pyrite  often  contains  gold,  nickel,  copper,  silver,  and 
arsenic,  such  deposits  should  be  carefully  examined  and 
assayed  by  the  prospector. 

In  some  localities,  sulphide  ores,  such  as  galena,  sphalerite, 
chalcopyrite,  etc.,  are  roasted  in  order  to  obtain  sulphuric 
acid  for  copper-leaching  purposes. 

51.  Nature  of  Pyrite  Deposits. — Some  pyrite  deposits 
are  lenticular,  seemingly  favoring  magnetites  in  this  respect 
and  suggesting  that  they  are  of  aqueo-igneous  origin.  Again, 
they  are  found  in  fissure  and  impregnation  veins,  which 
would  indicate  that  they  were  deposited  from  ascending 
aqueous  solutions.  Not  infrequently,  pyrite  is  found  dis- 
seminated through  rock  as  one  of  its  constituent  parts,  which 
suggests  that  they  were  part  of  the  magma  (as,  for  instance, 
in  granite)  and  were  due  to  metamorphism  when  in  dolomite 
and  metamorphosed  rocks.  Pyrite  is  frequently  found  in 
coal  beds  and  slates.  

PK08PECTING  FOR  ZINC 


ZINC-ORE    DEPOSITS 

52.  Oriprin  of  Zinc  Deposits. — The  Franklin,  New 
Jersey,  ore  deposit  contains  willemitc  and  zincite  in  sub- 
ordinate quantities  to  manganese  and  magnetite.  The  ore 
is  crystalline,  and  is  evidently  the  product  of  an  aqueo- 
igneous  magma  from  which  it  has  separated.  In  South- 
western Missouri,  the  zinc  is  found  in  masses  as  sphalerite. 
The  supposition  is  that  it  was  leached  from  dolomite  con- 
taining both  lead  and  zinc,  and  that  the  solutions  carrying 
the  minerals  down  through  crevices  and  bedding  planes 
deposited  first  the  galena  and  below  this  sphalerite,  as  the 
latter  is  in  a  lower  horizon  than  the  galena.     In  Virginia, 
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Tennessee,  and  possibly  other  localities,  the  solutions  that 
carried  the  zinc  when  passing  through  limonite  deposited 
calamine  and  smithsonite,  owing  to  changes  that  occurred 
in  the  solutions.  Similar  deposits  are  found  in  the  Saucon 
Valley,  near  Friedensville,  Pennsylvania,  and  elsewhere. 
There  is  a  similarity  in  all  oxidized  zinc  deposits,  namely, 
that  they  all  rest  on  limestone. 

53,  Ores  of  Zinc. — The  ores  of  zinc  are  the  following: 
Sphalerite,  ZnS,  commonly  called  zitu  blende^  or  black 

jack,  contains  67  per  cent,  of  zinc  and  33  per  cent,  of  sulphur. 

Zineite,  or  red  zinc  ore,  ZnO,  contains  80.26  per  cent,  of 
zinc.  It  is  distinguished  from  some  zinc  minerals  by  its 
color,  and  from  others  by  its  cleavage  and  mineral  associates. 

Frankliiiite  is  a  variable  mixture,  with  iron  predomi- 
nating in  about  the  following  proportions:  iron,  51.8  per 
cent.;  manganese,  7.5  per  cent;  and  zinc  5.54  per  cent. 

Wllleiiiite  is  a  zinc  silicate  that  contains,  when  pure, 
68.5  per  cent,  of  zinc  and  27  per  cent,  of  silica. 

Calamine  is  a  hydrous  zinc  silicate  c6ntaining  about 
54.2  per  cent,  of  zinc  and  25  per  cent,  of  silicon.  It  has  a 
creamy  color. 

Smitlisonite,  or  zinc  carbonate y  contains  about  52  per 
cent,  of  zinc.  In  color,  it  ranges  from  a  greenish  white  to 
brown.  It  effervesces  with  acids,  and  is  thus  distinguished 
from  willemite,  which  gelatinizes  in  hydrochloric  acid,  and 
from  calamine,  which  gelatinizes  in  sulphuric  acid.  As  it 
is  infusible  before  the  blowpipe,  it  can  be  distinguished  from 
lead  carbonate,  which  it  resembles. 

54.  Distribution  of  Zinc. — Although  zinc  is  widely 
distributed  in  rocks,  fissures,  and  beds,  there  are  a  few 
localities  where  it  is  found  concentrated,  so  that  it  may  be 
worked  alone  at  a  profit.  The  original  zinc  rocks  seem  to  be 
aqueo-igneous  magmas  or  limestones  that  have  been  crystal- 
lized. Zinc  sulphide  is  found  in  magnesian  limestones  as  a 
constituent  part  of  the  stone,  although  it  is  subordinate  to 
the  other  elements  composing  the  stone.  It  is  usually  asso- 
ciated with   galena.     It    is  also   found   in  vein  formations 
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associated  with  galena,  apd  often  in  sufficient  quantities  to 
make  it  a  nuisance.  Geologically,  blende  belongs  to  the 
Lower  Silurian  limestones,  particularly  of  the  Trenton 
period.  It  is  found,  in  the  Chazy  limestone,  in  Pennsylvania, 
and  in  the  galena  limestone,  which  is  a  member  of  the 
Trenton  series,  in  Missouri,  Iowa,  Illinois,  and  Wisconsin. 

55.  Franklinite. — At  Franklin  Furnace,  New  Jersey, 
there  is  a  peculiar  mixture  of  magnetite,  zinc,  and  manganese 
called  franklinite.  This  is  a  crystallized  magmatic  body 
of  ore  that  is  probably  in  Huronian  rocks,  although  there  is 
a  white  graphitic  limestone  adjacent  that  some  assign  to 
the  Cambrian  formation.  In  Virginia,  Tennessee,  and  Ken- 
tucky, zinc  blende  and  galena  are  spangled  through  mag- 
nesian  limestone.  Where  this  rock  has  weathered,  secondary 
oxide  formations  of  zinc  have  sometimes  been  concentrated. 
Deposits  of  zinc,  supposed  to  be  in  Silurian  limestone,  are 
found  in  caverns  in  New  Mexico.  The  zinc  deposits  of 
Joplin,  Missouri,  are  found  in  galena  limestone,  but  are  con- 
centrated in  cavities.  The  oxidized  zinc  deposits  of  Virginia 
occur  in  limonite  beds  adjacent  to  limestone  and  usually 
resting  on  limestone.  Unless  zinc-lead-sulphide  deposits 
are  in  large  crystals,  and  are  more  or  less  separated,  it  is 
very  difficult  to  separate  them  and  make  them  pay.  Much 
time  and  considerable  money  have  been  lost  by  men  that 
did  not  understand  the  zinc-lead  difficulties  in  concentration. 

Zinc  is  volatile,  and,  when  it  is  associated  with  limonite 
and  cadmium,  and  the  limonite  is  made  into  pig  iron,  the 
cadmium  will  usually  deposit  in  the  throat  of  the  ofiEtake, 
while  the  zinc  will  be  deposited  as  oxide  in  the  stoves  of  the 
furnace.  The  deposit  of  zinc  oxide  is  quite  large  in  some 
of  the  Virginia  iron  furnaces — as  much  as  100  tons  a  year  in 
the  Ivanhoe  furnaces — and  is  a  source  of  revenue. 
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PROSPECTING  FOR  MERCURY   (QUICKSIT^VER) 

56,  Ores  of  Mercury,— Cinnabar,  N^St  is  the  prmcipal 
ore  of  mercury,  containing  86.2  per  cent*  Gniidiilcazerlte, 
//^St  is  similar  in  appearance  and  composition  to  cinnabar, 
but  is  different  in  crystallization. 

57.  Distribution   of  Mercury. — Minerals  containing: 

mercury  occur  in  veins,  irregular  masses,  and  impregnations, 
confined  to  no  particular  age  or  kind  of  rock.  The  principal 
deposits  so  far  discovered  occur  in  regions  of  gfreat  disturbance 
and  zones  of  former  igneous  activity,  making  them  of  later 
formation  than  the  enclosing  rocks.  Mercury  deposits  seem 
to  be  of  the  contact  order,  deposited  from  solutions  con- 
taining mercury  or  by  sublimation.  The  cinnabar  deposits 
of  Almaden,  Spain^  are  in  Silurian  slates  and  sandstones^ 
which  stand  nearly  vertical.  These  are,  at  present,  the  most 
important  quicksilver  deposits  in  the  world.  The  ne^ct  most 
important  deposit  is  at  New  Almaden,  California.  This  ore 
is  cinnabar,  with  some  native  quicksilver*  associated  with  a 
gangue  of  quartz,  calcite,  and  dolomite.  The  deposits  are 
found  as  stockwork  in  shattered  metamorphic  rocks  of 
serpentine  and  sandstone.  Further  south,  at  New  Idria^ 
California,  the  ore  is  deposited  in  shattered  metamorphic 
rocks  of  the  Lower  Cretaceous,  and  is  accompanied  by 
bitumen.  North  of  San  Francisco,  cinnabar  is  found  in 
serpentine  rock  and  altered  sandstone.  In  Southwestern 
Texas,  cinnabar  occurs  in  massive  limestone  in  silicious 
shale  and  as  a  white  earthy  clay-like  rock.  The  age  of  the 
nearest  determinable  rocks  is  that  of  the  Lower  Cretaceous. 

At  Idria,  in  Austria,  cinnabar  is  found  in  Triassic  schists, 
limestones,  and  sandstones;  the  gangue  material  is  spathic 
iron,  and  is  the  chief  source  of  profit,  mercury  being  a 
by-product*  The  mercury  is  obtained  from  bunches  of 
tetrahedrite  carrying  both  silver  and  mercury. 

In  the  Vallalta  region  of  Italy,  cinnabar  is  found  in 
Triassic  rocks  in  contact  with  quartz  porphyry.  In  Peru,  it 
is  found  in  Jurassic  rocks. 
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PROSPECTING  FOR  NICKEL  AND  COBAIiT 

58.  Occurrence. — Nickel  and  cobalt  are  mentioned 
together,  because  they  are  usually  associated  in  nature. 
They  occur  in  mispickle,  a  mineral  composed  of  arsenic  and 
sulphur;  with  sulphur  compounds  such  as  pyrite  and 
pyrrhotite;  and  as  oxidized  ores  with  silicates  related  to 
serpentine.  Of  the  various  ores,  nickeliferous  pyrrhotite 
is  the  most  important — in  the  United  States  at  least. 
Pyrrhotite  occurs  in  the  older  formations,  usually  in  gneiss, 
serpentine,  or  metamorphic  rocks.  The  Sudbury  nickel 
mines  of  Canada  are  said  to  be  in  Huronian  granites  and 
gneisses,  which  grade  almost  imperceptibly  into  noritCy  a 
variety  of  gabbro  in  which  rhombic  pyroxene  is  important. 
The  ore  bodies  have  rusty  gossan  outcrops,  consisting  of 
limonite  in  cellular  masses.  Copper  is  also  mixed  with  the 
pyrrhotite.  In.  Douglas  County,  Oregon,  irregular  deposits  of 
hydrated  silicates  of  nickel  and  magnesia  are  found  in  serpen- 
tine rocks,  with  limonite,  quartz,  and  chromite  as  invariable 
associates,  and  with  clay  and  other  products  of  alteration. 

Olivine  seems  to  be  the  parent  rock  from  which  the  nickel 
silicates  of  Oregon  and  North  Carolina  are  derived.  Green 
crusts  of  oxidized  nickel  are  guide  marks  for  the  prospector, 
and  such  discoloratioiis  are  not  uncommon  in  serpentine- 
rock  districts.  The  outcrops  of  nickel  deposits  are  usually 
oxidized,  the  ore  passing  in  depth  to  sulphides.  In  Missouri, 
near  Mine  la  Motte,  nickeliferous  pyrite  is  found  in  Cambrian 
sandstone,  and  in  Salina  County,  Arkansas,  millerite  is  found 
in  black  shales  with  a  quartz  gangue.  In  New  Caledonia, 
considerable  nickel  is  found  in  serpentine  rock  associated 
with  ferric  oxide  and  manganese  oxide.  From  the  analysis 
given,  no  cobalt  is  found  in  connection  with  it;  otherwise, 
the  formation  is  the  same  as  in  the  foregoing  cases. 

59.  Ores     of     Nickel. — Nickel     is     associated     with 

pyrrhotite,    pyrite,    and    marcasite. 

Pent  la  11(1  lie,  [FcNi)S,  is  the  most  important  nickel- 
bearing    mineral    in    the    Sudbury,    Ontario,    district.     An 
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analysis  gave  its  composition  as  follows:  nickel,  34.23 
per  cent.;  cobalt,  .85  per  cent.;  iron,  30.25  per  cent.;  and 
sulphur,  83.42  per  cent.  Pentlandite  is  found  in  pyrrhotite 
and  other  iron  sulphides. 

Mlllcrlte,  NtSj  contains  64.4  per  cent,  of  nickel,  and 
35.6  per  cent,  of  sulphur.  It  is  rare,  and  is  found  crystallized 
in  hair-like  forms  or  in  slender  prisms  of  a  brass-yellow 
color.     It  is  found  sometimes  in  pyrrhotite. 

Polyclymite,  Ni\FcSt,  is  gray,  very  easily  tarnished,  and 
very  soft.  It  quickly  decomposes,  and  loses  its  metallic 
luster.  It  is  found  in  connection  with  chalcopyrite,  and 
contains  41.96  per  cent,  of  nickel. 

Nickel ite,  NiAs,  called  also  niccolite  and  kiipfcmickel^  is 
one  of  the  richest  nickel  minerals.  It  has  a  pale  copper-red 
color  and  a  metallic  luster.  The  silver-cobalt-nickel  mines 
near  Lake  Temiscamingue,  Ontario,  are  often  rich  in  this 
mineral. 

Gersdorffite,  NiSAs,  is  an  arsenide  containing  about 
35  per  cent,  of  nickel.  It  is  white  to  steel  gray  in  color,  and 
is  found  in  the  Sudbury  mines,  Ontario. 

60.  Relations  of  Ore  to  Rock. — Prospectors  for  nickel 
recognized  a  peculiar  rock  called  fiorite  as  being  generally 
associated  with  nickel  deposits  in  the  Sudbury  district.  On 
the  surface,  pyrrhotite  is  not  found,  but  in  its  place  is  gossan; 
and  every  patch  of  rock  showing  gossan  has  been  taken  up 
as  a  claim.  Gossan  does  not  in  every  case  mean  a  deposit 
of  workable  size,  although  a  large  area  of  gossan  has  nearly 
always  been  found  to  indicate  an  ore  body  worth  developing. 

Thomas  W.  Gibson,  in  his  report*  on  the  Sudbury  dis- 
tricts, says  that  the  nickel  ores  are  in  basic  rocks  that  pass  by 
insensible  gradations  into  acid  granitic  rocks.  The  ore  is 
found  in  the  basic  norite,  and  not  in  the  acid  granitic  rocks. 
He  considers  the  Sudbury  nickel-bearing  rocks  eruptive. 

61.  Oi'ljjrln  of  the  Sudbury  Deposits. — Mr.  Coleman 
favors  the  magmatic  segregation  theory,  for  the  following 
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reasons:  (1)  The  ores  are  everywhere  associated  with 
norite.  (2)  Norite  and  ore  are  mixed  in  every  degree  frora 
rock  enclosing  scattered  particles  of  ore  to  pyrrhotite-norite, 
in  which  ore  and  rock  are  in  equal  amounts.  Norite 
spotted  with  ore  is  sometimes  found  in  bands  a  long  distance 
from  the  nearest  ore  body.  (3)  There  are  secondary  deposits, 
due  to  the  action  of  water  circulating  along  fissures  and  dis- 
solving nickel,  which  was  deposited  some  distance  away 
from  the  magma. 

62.  Cobalt-Nickel  Deposits.— The  cobalt-nickel- 
arsenic-silver  deposits  near  Lake  Temiscamingue  are  com- 
paratively recent  finds.  Although  they  have  been  known 
for  some  time,  it  has  only  been  since  W.  G.  Miller  made  a 
report,  in  1905,  to  the  Ontario  Bureau  of  Mines  that  any- 
thing approximating  definite  information  has  been  available. 
The  cobalt  ores  are  found  in  the  Lower  Huronian  rocks, 
which  consist  of  conglomerate,  breccia,  quartzites,  and  gray- 
wacke  slate.  The  veins  or  fissures  are  nearly  vertical,  and 
cut  across  the  slightly  inclined  rocks.  The  outcrops  of  the 
veins  show  native  silver  and  cobalt  bloom,  the  latter  being 
of  a  rich  pink  color  that  is  apt  to  be  confused  with  iron  oxide. 
If  the  bloom,  however,  is  carefully  heated,  it  will  turn  blue. 
If  fused  with  borax,  it  will  turn  a  beautiful  blue,  but  so  will 
aluminum,  and  this  must  not  be  confused  with  cobalt.  The 
native  silver  at  the  outcrop  will  be  tarnished,  but  its  color 
can  readily  be  determined  by  cutting;  its  weight  is  also 
another  indication.  Bismuth  when  cut  with  a  knife  has  a 
silver  color,  but  it  'soon  tarnishes  to  a  reddish  color.  Argen- 
tite  is  another  silver  mineral  that  occurs  in  this  locality,  and 
might  be  mistaken  for  lead,  as  it  is  readily  cut  with  a  knife. 
'  Native  nickel  associated  with  iron  has  been  fotmd  in  several 
localities  and  in  meteorites. 
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PROSPECTING  FOR  MANGANESE 
63.  Manganese  is  found  in  all  geological  horizons, 
the  original  source,  according  to  Kemp,  being  ferromag- 
nesian  igneous  rocks.  It  is  not  so  widely  distributed  as  some 
other  elements,  Vogt  placing  it  as  forming  from  .1  to  .01  per 
cent,  of  the  earth's  crust.  Most  of  the  deposits  in  the  United 
States  are  found  above  the  Potsdam  sandstone  of  the 
Cambrio-Silurian,  but  frequently  manganese  is  found — partic- 
ularly in  the  West — in  conjunction  with  magnesian  lime- 
stone. In  Virginia,  and  in  Cartersville,  Georgia,  manganese 
deposits  are  found  in  pockets  above  the  Potsdam  sandstone 
covered  with  a  clay  in  which  hardly  a  pebble  is  found.  At 
the  Huston  mine,  near  Nace,  Botetourt  County,  Virginia,  a 
pocket  of  manganese  was  found  below  a  bed  of  limonite  ore, 
resting  against  limestone.  All  the  Virginia  manganese  is 
found  in  pockets  in  clay,  and  in  thin  impure  limonite  streaks 
in  rocks.  There  are  four  classes  of  ores  produced  in  the 
United  States,  as  follows:  (1)  manganese  ores  for  chemical 
purposes,  which  are  nearly  pure  minerals;  (2)  manganifer- 
ous  iron  ores,  which  are  used  for  making  spiegeleisen; 
(3)  manganiferous  silver  ores,  which  are  used  in  the  West 
as  a  flux  in  lead-silver  smelting;  (4)  manganiferous  zinc 
residuum,  resulting  from  the  distillation  of  zinc  found  in 
franklinite,  and  used  in  the  manufacture  of  spiegeleisen. 

At  Batesville,  Arkansas,  the  ore  is  braunite,  and  is  found 
in  masses  of  stiff  clay,  which  seems  to  be  due  to  alterations 
in  the  St.  Clair  limestone  of  the  Lower  Silurian.  Consider- 
able manganese  occurs  in  some  Lake  Superior  iron  ores  and 
in  the  Santiago  de  Cuba  iron  ore.  Manganese  iron  ores  are 
found  in  the  Leadville,  Colorado,  sub-Carboniferous  strata, 
as  well  as  in  the  sub-Carboniferous  limestones  of  New  Bruns- 
wick and  Nova  Scotia.  Manganese  is  also  found  in  residual 
clay  on  the  Isthmus  of  Panama.  Spain  and  Chili  seem  to  be 
the  only  countries  where  there  are  stratified  deposits  of 
manganese.  At  Franklin  Furnace,  New  Jersey,  there  is  a 
deposit  of  franklinite  from  which  manganese  is  obtained 
after  the  zinc  has  been  extracted. 
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PROSPECTING  FOR  TIN 

64.  Distribution  of  Tin. — Alluvial  tin  deposits  are 
found  in  various  countries.  At  present,  however,  stream 
tin  is  worked  mostly  in  the  Straits  Settlements,  where  the 
deposits  apparently  come  from  granite  rocks  overlaid  in  most 
places  by  limestone.  They  occur  in  three  forms:  ( 1 )  The 
first  kind  of  deposits  is  termed  surface  alluvial  deposits  and 
carries  payable  tin  from  the  grass  roots  down.  These  deposits 
seldom  exceed  15  feet  in  depth.  (2)  The  second  kind  of 
deposits  is  termed  shallow  alluvial ^  the  tin-bearing  gravel 
being  from  15  feet  to  20  feet  deep,  and  under  from  15  feet  to  20 
feet  of  overburden.  Sometimes  there  are  two  layers  of  wash 
dirt,  from  10  feet  to  20  feet  thick,  with  ore-bearing  gravel 
underneath.  (3)  The  third  kind  of  deposits  is  termed  deep 
alluvials;  that  is,  they  have  from  30  to  50  feet  of  overburden. 
Gold  is  frequently  found  in  these  deposits,  and,  with  the  tin, 
is  washed  out  by  panning,  unless  a  regular  system  of  mining 
is  followed.  The  tin  of  this  field  is  usually  the  black  oxide. 
Stream  tin  also  exists  in  the  northeastern  part  of  Tasmania, 
but  owing  to  the  scarcity  of  water  in  that  locality  it  is  not 
worked.  In  Australia,  on  the  northern  coast  of  New  South 
Wales,  alluvial  deposits  occur  in  sand  dunes  that  are  from 
200  to  300  feet  wide  and  from  10  to  20  feet  high,  and  that 
run  in  parallel  rows  for  several  miles  inland.  This  wash  is 
characterized  by  its  dark,  almost  black,  color,  its  high  specific 
gravity,  and  the  fineness  of  its  particles,  the  material  fre- 
quently passing  through  a  screen  with  3,000  holes  to  the 
square  inch.  The  wash  has  a  complicated  composition,  but 
its  principal  constituents  are  ilmenite,  zircons,  quartz,  cassit- 
erite,  garnets,  gold,  platinum,  and  the  platinoid  metals. 

65.  Casslterlte. — The  principal  ore  of  tin  is  easslto- 

rlte,  or  //;/  oxide,  which  contains  when  pure  about  78.67  per 
cent,  of  metallic  tin.  This  mineral  occurs  in  small  stringers 
and  veins  on  the  borders  of  granite  knobs  and  in  granite. 
A  favorite  rock  for  the  ore  is  the  so-called  .^/vf/Vw,  which  is  a 
mixture   of    quartz   and    muscovite   or  lithia  mica.     Topaz, 
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tourmaline,  and  fluorite  are  associated  minerals,  as  are  also 
wolframite  and  scheelite. 

In  the  Black  Hills  of  Dakota,  cassiterite  is  found  dissem- 
inated in  masses  of  albite  and  mica  associated  with  crystals 
of  spodumen  in  granite  rock.  The  tin  found  in  Mexico  is  in 
small  veins,  the  country  rock  being  rhyolite;  the  veins  are 
not  large  enough  to  be  productive.  The  tin  lodes  of  Corn- 
wall, England,  are  considered  by  some  to  have  been  formed 
by  the  alteration  of  granite,  there  being  no  distinct  vein 
walls,  as  in  most  other  mineral  deposits.  The  tin  of  Gaston 
County,  North  Carolina,  and  of  Alaska  is  found  in  greisen 
rock,  the  quartz  and  mica  being  coarse  and  jumbled.  The 
appearance  of  the  rock  is  such  that  it  can  be  easily  recognized. 


PROSPECTING   FOR  PliATINUM 

66.  Occurrence. — The  world's  supply  of  platinum  so 
far  has  come  from  alluvial  deposits,  situated  in  various  parts 
of  the  world.  The  chief  source  of  supply,  however,  is 
Russia.  The  method  of  prospecting  for  platinum  does  not 
differ  from  that  of  gold.  The  prospector  looking  for  gold 
should  examine  any  heavy  particles  of  white  metal  in  his 
pan,  to  see  if  they  are  not  platinum,  since  that  metal  is  as 
valuable  as  gold.  The  metal  is  easily  distinguished  from 
native  silver,  on  account  of  the  fact  that  it  is  not  attacked  by 
a  single  acid.  Platinum  is  usually  found  in  scales  and 
rounded  granules,  but  microscopic  particles  predominate. 
There  are  other  metals  found  with  platinum  that  are  some- 
times termed  platinum  metals.  They  consist  of  iridium, 
osmium,  ruthenium,  and  palladium.  Pure  grains  of  iridium 
are  extremely  rare,  but  a  metal  alloy  of  iridium  and  osmium 
called  iridosmiiim  is  frequently  found  associated  with  plati- 
num. In  New  Zealand,  the  platinum  deposits  are  found  with 
black  magnetic  sands  that  carry  gold  as  well  as  platinum; 
these  deposits  have  a  bed  rock,  which  is  mainly  igneous. 
The  Russian  deposits  seem  to  have  been  produced  by  glacial 
action,  and  the  platinum  is  ft)und  in  connection  with  perido- 
tites.     The  gravels  in  which  platinum  is  found  seem  to  have 
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come  from  the  disintegration  of  gabbros  and  of  peridotites, 
although  the  bed  rock  is  limestone  with  a  corrugated  surface, 
which  seems  to  form  a  natural  riffle  for  saving  platinum  and 
gold.  The  thickness  of  the  alluvial  beds  does  not  average 
more  than  4  feet,  and  their  average  value  is  about  40  cents 
a  cubic  yard.  Such .  deposits  do  not,  of  course,  pay  the 
prospector  to  work,  but  at  times  these  placers  are  exceed- 
ingly rich,  running  in  one  district  in  Russia  as  high  as 
48  pennyweights  per  ton  of  dirt.  In  recent  years,  consid- 
erable platinum  has  come  from  Brazil,  and  some  has  been 
saved  when  working  the  placer  deposits  in  the  northwestern 
part  of  the  United  States.  The  domestic  production  of 
platinum  was  obtained  at  the  San  Francisco  mint  from  part- 
ing and  refining  gold  from  certain  localities  in  Trinity, 
Shasta,  and  Plumas  Counties,  California,  and  from  British 
Columbia.  There  are  also  beach  mines  in  Oregon  that  have 
yielded  platinum  in  commercial  quantities,  but  usually  these 
bed  deposits  are  too  poor  to  be  worked  by  ordinary  miners. 
In  all  instances,  platinum  has  been  found  with  gold  and 
magnetic  sands,  and  seems  to  be  more  of  a  by-product  from 
placer  mining  than  a  regular  business.  Platinum  sands  are 
also  found  near  New  Plymouth  in  New  Zealand,  as  well  as 
in  Oregon,  and  in  British  Columbia.  So  far,  all  platinum 
finds  have  been  in  basic  rock. 

67.  Ores  of  Platinum. — Sperrylite,  PfAst,  is  a  platinum 
arsenide,  and  was  probably  the  first  natural  platinum  com- 
pound to  be  discovered.  It  is  found  in  the  Vermilion  and 
Victoria  mines  in  the  Sudbury,  Ontario,  nickel  district.  This 
mineral  is  distributed  through  the  gossan  outcrop  and  the 
'-^  solid  ore.  Platinum  in  this  locality  seems  to  favor  the 
copper  rather  than  the  nickel  minerals.  It  is  a  tin-white 
metallic-looking  mineral  in  tiny  crystals  belonging  to  the 
isometric  system  and  showing  many  of  the  planes  found  on 
pyrite.  The  specific  gravity  is  10.6.  Platinum  is  found  at 
Grand  Encampment,  Wyoming,  in  covellite,  a  rare  copper 
sulphide.  Gold,  rhodium,  and  palladium  are  also  found  with 
sperrylite. 
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^B  PROSFBCTIKG  FOB  GEMS 

W      68.     Gem.  Depoi?its.— Very  few  gems  have  been  found 

■    in  what  is  considered  their  original  formation,  the  greater 

number  so  far  discovered  being  in  the  secondary  formations 

I  from  older  rocks,  and  in  the  present  ^fravels  or  sands  of 
streams  and  rivers.  The  prospector  looking  for  placer  gold 
can  examine  the  gravel  for  precious  stones,  which  will  show 
plainly,  on  account  of  their  brilliancy  if  the  water  in  the 
pan  is  clean  If,  however,  a  person  intends  to  prospect 
exclusively  for  gems,  a  special  outfit  is  desirable*  The 
particular  qualities  of  precious  stones  are  hardness,  beauty 

I    of  color,  and  rarity;  so  that  their  value  is  largely  a  matter  of 
fancy  and  fashion. 
69.     Gem   Prospector's  Outfit, — ^The    following    has 
been  recommended  as  an  outfit  for  a  person  searching  for 
gems;  it  is  of  course  subject  to  change,  and  may  require  addi- 

I  lions,  such  as  hammers  and  drills,  powder,  caps,  and  fuse. 
The  tools  are:  a  pick,  a  shovel,  an  ax,  and  two  sieves,  one 
having  three  meshes  to  the  linear  inch,  and  the  other  twenty 
'  or  more  meshes  to  the  linear  inch,  the  sieves  being  so 
arranged  that  the  coarser  sieve  can  be  fastened  on  top  of 
the  finer.  In  addition  to  these  appliances,  the  prospector 
needs  a  tub  of  suflScient  size  to  enable  him  to  submerge  the 
sieves  in  water  during  the  washing  process;  an  oilcloth  on 
which  to  sort  the  gravel;  several  stones  to  determine  the 
hardness;  a  large  hand  magnifying  glass;  a  pocket  magnify- 
ing glass;  and  a  dichroscope,  or  a  tourmaline  lens.  The  rest 
of  the  outfit  will  depend  on  the  distance  that  the  prospector 
intends  to  go  into  the  mountains  or  the  wilderness,  and  on 
his  nearness  to  a  base  of  supplies. 

70.  Practical  Gem  Prospect Ingr- — Having  discovered, 
by  means  of  s/tO£iin£'— thai  is,  panning  river  beds,  bars,  and 
alluvial  deposits — that  precious  stones  may  be  expected,  the 
^  prospector  fills  a  tub  with  water,  fastens  the  coarse  sieve 
on  top  of  the  fine  one,  and  places  in  it  a  shovelful  of  the 
material  to  be  examined.     The  sieves  are  next  immersed  in 
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water,  and  the  clay  and  finer  material  are  worked  by  hand 
through  the  upper  sieve,  on  which  the  coarser  material 
remains.  The  upper  sieve  is  removed  after  this  operation, 
the  stones  examined,  and,  unless  attractive,  thrown  away; 
but,  if  attractive,  further  examination  should  be  made.  The 
material  in  the  lower  sieve  is  next  washed  free  from  clay 
and  fine  sand;  then,  by  raising  and  lowering  the  sieve  in 
water,  the  coarser  and  heavier  stones  will  arrange  them- 
selves on  the  bottom  of  the  sieve  with  the  lighter  stones 
above.  The  sieve  is  next  removed  from  the  water  and 
allowed  to  drain,  then  it  is  turned  over  on  the  oilcloth,  so  as 
to  bring  to  the  top  of  the  pile  the  material  that  was  at  the 
bottom.  The  prospector  now  examines  the  stones  with  his 
magnifying  glass,  and  those  that  are  attractive  he  removes 
for  further  examination  as  to  their  identity,  their  hardness, 
and  their  freedom  from  flaws.  Few  of  the  precious  stones  are 
sufficiently  heavy  to  cause  them  to  concentrate  into  decided 
deposits,  as  in  the  case  of  gold,  tinstone,  and  some  other 
heavy  minerals;  nevertheless,  they  are  usually  somewhat 
concentrated.  Garnets  are  frequently  found  in  pockets  on 
the  bed  rock  or  in  patches,  where  they  have  been  carried  by 
eddies  or  other  disturbances  in  the  flow  of  the  streams.  The 
presence  of  garnets  is  considered  a  good  indication  of  the 
possible  presence  of  more  valuable  gems. 


DIAMONDS 

71.  Classification. — The  mineral  known  as  the  dia- 
mond is  pure  carbon,  and  is  classified  under  three  heads; 
namely,  gems,  carbonados,  and  borts.  Only  the  gems  have 
sufficient  brilliancy  to  be  used  for  ornaments,  although  the 
others  have  lately  come  into  prominence  for  gem  cutting  and 
diamond-drill  boring.  To  determine  whether  the  stone  under 
investigation  is  a  diamond,  a  chip  diamond  should  be  used  for 
the  scratch  test.  One  diamond  will  slightly  scratch  another, 
although  the  person  may  have  to  look  closely  to  see  the 
scratch;  if,  however,  a  diamond  will  not  scratch  another 
stone,  it  is  safe  to  assume  that  the  latter  is  a  diamond. 
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72.  Occurrence  of  Diamonds  in  tlie  United  States. 

Diamonds  have  been  found  on  the  eastern  slope  of  the 
Alleghany  and  the  western  slope  of  the  Cascade  and  Sierra 
Nevada  Mountains,  in  loose  gravels  that  are  probably  derived 
from  the  disintegration  of  crystalline  rocks.  Diamonds  have 
also  been  found  on  Plum  Creek,  Pierce  County,  Wisconsin, 
in  sand  that  contained,  besides,  gold,  quartz,  grains  of  mag- 
netic iron,  titanic  iron,  almandite,  garnet,  and  monazite. 

The  rocks  of  the  Blue  Ridge  and  the  Alleghanies  are 
Archaean  and  Cambria-Silurian,  as  are  those  of  Wisconsin, 
but  the  Sierra  Nevada  rocks  were  metamorphosed  much  later. 
In  each  instance,  the  discovery  of  diamonds  resulted  from 
prospecting  for  gold.  There  is  no  doubt  that,  in  the  quest 
for  gold,  very  many  valuable  diamonds  have  been  destroyed 
or  overlooked  by  prospectors.  The  American  diamond- 
bearing  localities  are  for  the  most  part  granitic  or  highly 
metamorphosed  rocks.  The  Dewey  diamond  found  near 
Richmond,  Virginia,  is  probably  the  largest  diamond  that 
has  ever  been  found  in  the  United  States,  but  whether  it  was 
found  in  itacolumite,  or  flexible  sandstone,  which  is  popu- 
larly stated  to  be  an  indication  of  diamonds,  is  not  known, 
although  this  peculiar  stone  occurs  in  the  Richmond  forma- 
tion. Itacolumite  also  exists  in  the  North  Carolina  diamond 
belt,  and  is  therefore  considered  an  indicator  for  diamonds. 

73.  Brazilian  Diamonds. — The  diamonds  of  Brazil 
are   gems,  carbonados,  and   borts.     The   carbonados,    or 

black  diamonds,  have  no  regular  crystallization  or  cleavage 
plane,  hence  their  value  for  diamond-drill  work  and  for 
polishing  other  diamonds.  They  are  black  outside,  but 
inside   are   of   various   shades   of   gray. 

Borts  are  semitransparent  diamonds,  similar  in  appear- 
ance to  the  rough  brilliant,  but  are  of  different  crystallization. 
They  are  usually  spherical  in  shape,  and  are  said  to  be  softer 
than  either  the  gem  or  the  carbonado.  The  Brazilian  dia- 
monds are  found  mostly  in  stream  deposits,  but  also  in  ground 
that  consists  of  the  weathered  and  decomposed  remains  of 
metamorphic  rocks.     The  diamonds   are  frequently  found 


40 


PROSPECTING 


held  fast  in  a  conglomerate  or  pudding  stone  cemented  b3?_ 

iron  oxide, 

74,     Distribution  of  Diamonds. — ^ Diamonds  in  British 

Guiana  are  found  in  a  formation  consisting  of  sandy  clay 
that  is  mixed  with  rounded  and  subangular  pebbles  of  iron- 
stone and  quartz;  with  ilmenite,  or  titanic-iron,  sand;  or  with 
small  pieces  of  light-colored  corundum  and  topaz.  Digging 
in  this  section  has  been  carried  to  7  feet  below  the  surface; 
and|  from  15  cubic  yards,  more  than  1^000  small-sized  stones 
were  extracted,  the  largest  weighing  perhaps  2  carats,  or 
6.336  grains*  In  another  locality,  100  cubic  yards  yielded 
more  than  t,000  stones.  These  gravels  were  removable 
from  the  large  quartz  crystals  free  from  erosion. 
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The  diamond-bearing  rocks  of  India  are  all  in  two  deposit^ 
south  of  the  Ganges.  The  pre-Cambrian  diamond  be<^ 
are  conglomerates  derived  from  earlier  rocks;  the  other 
deposits  are  recent  stream  deposits  derived  in  part  from  the 
conglomerates. 

Borneo  diamonds  are  found  in  schists  and  granites,  and  in 
river  gravels  derived  from  them. 

The  South  African  diamond  fields  are  in  the  neighborhood 
of  Kimberly.    The  rocks  of  this  field  are  Carboniferous  black 
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shales  with  a  peridotite  dike  or  blue  ground  in  which  the 
diamonds  are  found.  The  blue  ground  is  quite  hard,  but  is 
readily  weathered,  and  from  it  the  diamonds  are  picked  out. 
A  section  of  the  Kimberly  mine,  which  is  the  most  prolific 
mine  of  all,  is  shown  in  Fig.  7.  The  blue  groimd  a  is  in  a 
huge  dike  that  cuts  through  dillage  b,  basalt  r,  black  shale  rf, 
porphyritic  augite-andesite  termed  tnelaphyre  e,  quartzite  /, 
and  shale  ^.  

GARNETS 

75.  The  precious  garnet  is  almandite,  which  is  com- 
posed of  silica,  alumina,  and  iron  protoxide.  Several  min- 
erals are  included  under  this  head;  the  finest  of  them  come 
from  India.  The  fire-pyrope,  composed  of  silica,  magnesia, 
and  alumina  is  found  in  the  Kimberly  diamond  mines.  Gar- 
nets have  various  colors  and  names,  and  are  quite  different 
in  chemical  composition,  but  crystallize  in  the  isometric 
system.  Some  of  the  essonites  have  a  red,  hyacinth,  or 
yellow  color,  a  hardness  of  7,  and  a  specific  gravity  of  3.68. 
Grossularitc  is  a  pale-green  or  yellowish  variety  of  esso- 
nite,  and,  like  it,  is  a  lime-alumina-silica  compound. 

Almadine  garnets  vary  in  color  from  violet  to  deep  red. 
The  scarlet  and  crimson  varieties,  when  out  in  a  half-oval 
manner,  are  called  carbuncles.  They  have  a  hardness  of 
7.5  and  a  specific  gravity  of  3.45.  Ouvarovlte  is  of  a  bril- 
liant emerald-green,  has  a  hardness  of  8,  and  a  specific 
gravity  of  3.45.  Demantolil  is  a  green  garnet  with  a  very 
high  refractive  power  by  artificial  light.  Its  hardness  is 
about  5,  and  its  specific  gravity  is  3.85.  Garnets  are  found 
in  various  places  in  the  United  States;  but,  except  in  Virginia 
and  North  Carolina,  none  have  been  discovered  of  sufficient 
brilliancy  to  make  them  particularly  valuable.  Pyrope  gar- 
nets have  lately  been  found  on  the  Navajo  Indian  Reser- 
vation, in  New  Mexico,  associated  with  olivine  and  chrome 
pyroxene. 
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CORUNDUM 

76.  Sapphire,  Oriental  Kuby,  Oriental  Smerald, 
Etc. — The  mineral  corundum  is  composed  of  oxide  of 
aluminum,  and  is  found  in  several  colors  due  to  small 
amounts  of  metallic  oxides.  The  sapphire  is  blue,  the 
Oriental  emerald  is  a  green  sapphire,  the  Oriental  ruby- 
is  a  red  sapphire,  the  topaz  is  yellow,  and  the  Oriental 
amethyst  is.  purple.  All  these  gems  have  a  hardness  of  9. 
The  main  source  of  supply  has  been  Burma,  Ceylon,  and 
Siam,  where  they  are  foimd  as  crystals  in  limestones  or  in 
soil  derived  from  these  limestones. 

Corundum  occurs  massive  in  a  number  of  colors  in  North 
Carolina,  as  also  in  New  South  Wales.  Emeralds  have  been 
found  as  crystals  near  massive  corundum,  in  alluvial  deposits, 
and  in  stream-tin  drift.  Recently,  sapphires  were  found  in 
the  beach  gravels  of  Yogo  Creek,  Montana,  and  were  traced 
up  5  miles  to  the  parent  rock,  which  proved  to  be  a  trap  dike 
cutting  through  limestone  rocks.  The  material  of  the  dike 
varies  from  a  hard  igneous  rock  to  a  soft  yellow  clay. 
These  gems  are  of  such  good  quality  and  brilliancy  that 
they  find  a  ready  market  for  jewelry. 

77,  Beryl. — Aquamarine,  emerald,  and  oriental 
cat's-eyes  are  varieties  of  beryl,  each  crystallizing  in  the 
rhombohedral  system,  almost  always  in  a  six-sided  prism, 
and  having  a  hardness  of  about  8.  They  differ  somew^hat  in 
color,  due  to  slight  traces  of  other  compounds  than  their 
regular  composition,  which  is  quite  complex,  but  largely 
silica,  alumina,  and  beryllium  oxide.  Their  color  varies 
from  green,  blue,  and  yellow  to  pink.  They  occur  in 
isolated  crystals,  and  in  geodes  in  clay  slate,  in  Brazil, 
Hindustan,  Ceylon,  and  Siberia. 

The  emerald  variety  of  beryl  is  one  of  the  most  remark- 
able of  American  gem  minerals.  In  North  Carolina,  beryls 
are  found  with  quartz,  rutile,  dolomite,  muscovite,  garnet, 
apatite,  etc.,  all  in  fine  crystals.  Stones  of  their  description 
are  found  in  Colorado  and  Maine.  The  largest  beryls  so 
far  found  were  from  Grafton  and  Acworth,  New  Hampshire, 
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Phenaclte,  another  beryl  mineral,  has  been  found  in  Maine, 
and  on  Pike's  Peak,  Colorado,  in  granite  associated  with 
smoky  quartz,  topaz,  and  muscovite.  The  peridot,  which 
is  the  chrysolite,  or  olivine,  of  the  mineralogist,  is  found  in 
Colorado,  Arizona,  and  New  Mexico. 

78.  Opal. — Opals  are  found  in  various  localities.  The 
opal  is  a  silica-like  quartz,  with  a  varying  amount  of  water. 
Fire-opal  from  Mexico  is  valued  highly  as  a  gem.  Similar 
gems  have  been  found  in  isolated  districts  in  the  West  and 
also  in  the  South.  The  color  is  grayish-white,  and  the 
colors  have  considerable  play  with  reflected  light.  The 
agates,  carnelian,  jasper,  onyx,  cameos,  and  silicified  wood 
are  in  the  same  family  as  opal.  The  opal  has  a  hardness  of 
from  5.5  to  6.5,  and  a  specific  gravity  of  1.9  to  2.3.  It  is 
vitreous,  resinous,  and  pearly  at  times.  It  occurs  as  a 
filling  in  cavities,  fissures,  and  seams  in  igneous  rocks, 
porphyry,  and  some  metallic  veins.  It  is  also  found 
embedded  in  limestone  and  argillaceous  beds,  and  is  formed 
from  the  siliceous  waters  of  hot  springs. 

79.  Turquoise. — TurquolMo  is  supposed  to  be  a 
hydrous  phosphate  of  aluminum  with  some  iron  and 
copper.  It  is  found  in  thin  seams  in  Arizona,  New 
Mexico,  Mexico,  Colorado,  and  possibly  other  localities  in 
the  western  hemisphere.  Usually,  the  rocks  in  which  it  is 
found  are  igneous.  The  color  is  from  sky-blue  to  greenish- 
gray.  Oriental  turquoise  comes  from  Persia  and  Kgypt. 
The  Egyptian  turquoise  turns  from  blue  to  green;  and  pos- 
sibly all  stones  of  this  description  will  change  color  accord- 
ing to  the  person  wearing  them  and  the  care  with  which 
they  are  handled,  as  the  stone  is  susceptible  to  fatty  acids. 
It  is  possible  to  mistake  this  gem  for  the  copper  mineral 
malachite,  or  chrysocolla,  and  hence  neglect  it,  thinking  that 
the  copper  streak  was  too  narrow  to  promise  any  great 
value.  Turquoise  is  found  near  copper  mines  in  Arizona 
and  New  Mexico.  In  Persia,  there  is  a  vein  0  inches  wide; 
but  usually  the  mineral  is  in  irregular  patches  in  brecciated 
porphyritic  trachyte  and  clay  slate. 
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PROSPECTING  WITH  MACHINES 


THE  DIAMOND  DEIlLIi 

80.     Test  1  HI?  Bo|3f  or  Laki*!  Bottom  s.^ — The  rnethod  of 

testing  placer  deposits  might  be  used  to  test  bog  or  lake_ 
bottoms  were  it  only  necessary  to  go  to  bed  rock;  but,  sine 
the  bed  rock  miist  be  penetrated,  other  raethods  have  to  be" 
adopted*     There  are  deposits,  located  as  in  Fiif,  8,  where 
the  ore  body  is  below  a  swamp  or  lake.     The  outcrop  at  a 
indicates  that  the  ore  body  exists;  but  the  miner  must  know 
to  what  extent,  in  order  to  calculate  his  expenses  and  returos. 
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The  nature  of  the  ifround  is  such  that  a  diamond  or 
drill  may  be  used*  when  the  surface  is  frozen^  by  dniriog 
stand  pipe  through  the  soft  material  and  then  drilling  as  if 
no  soft  material  was  over  the  deposit.  Drilling  has  been 
done  from  the  frozen  surface  of  takes,  and  valuable  dis- 
coveries made.  If  possible,  a  better  plan  is  to  build  a  scow, 
in  the  swamp,  large  enough  to  hold  the  drill  rig,  and  then 
to  drill  from  this  during  the  warm  months.  To  test  such 
deposits  by  means  of  shafts  would  be  expensive  under  uormal 
conditions;  and*  when  one  has  such  a  doubtful  propositioo 
it  is  always  good  practice  to  employ  the  most  econoc 
means  for  prospecting. 
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81.  Fan  Holes. — In  some  instances,  it  is  possible  to 
sink  shafts  around  the  edges  of  a  swamp  or  lake  that  shows 
indications  of  an  ore  deposit  beneath,  and  from  the  bottom 
of  these  shafts  to  drill  holes  in  various  directions.     Three 
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sets  of  these  fan  boles  are  shown  in  Fig.  9  as  radiating 
from  the  test  shafts  A,  By  and  C,  located  on  low  ground  near 
the  swamp  and  pond.  The  long  lines  a^  a\  a'^  etc.  represent 
holes  drilled  at  a  comparatively  flat  inclination;  while  the 
shorter  lines  b,  ^ ,  d^\  etc.  represent  holes  drilled  at  greater 
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inclinations.  The  shafts  A,B,  and  C  are  sunk  at  points 
where  the  ground  is  firm,  and  where  the  diamond  drill  can 
penetrate  the  strata  and  cover  most  effectively  the  area  to 
be  tested.  The  use  of  a  barge  or  scow  for  holding  the  drill 
will  probably  prove  as  effective  and  much  cheaper  than  this 
method  of  test  pits  and  fan  holes,  J 

82.  luellned  and  Vertical  Drill  Holes.— When  the 
dip  of  a  rock  formation  is  unknown ^  the  ground  to  be  pros- 
pected  should  be  blocked  off  into  approximate  rectangles* 

The  holes  may  be  drilled  at  such  inclinations  that  they  will 
cross  one  another — thus,  possibly,  locating  small  irregular  _ 
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deposits  as  well  as  the  larger  deposits — or  the  holes  may 
be  drilled  vertically. 

Fig.  10  shows  a  body  of  ore  occupying  a  trough  or  depreS'* 
sion  as  in  the  case  of  Lake  Superior  iron  ores.  If  the  drill 
holes  had  been  put  down  in  the  positions  a,  ^,  a  wrong  con- 
ception of  the  deposit  would  be  had;  and  if  they  had  been 
drilled  as  at  r,  d\  no  ore  would  have  been  encountered.  In 
such  cases»  it  is  best  to  drill  a  series  of  holes  such  as  ^across 
the  deposit  each  way»  and  thus  obtain  a  fairly  definite  idea  of 
its  extent  and  value.  Besides  the  fact  that  the  inclined  holes 
may  give  one  a  wrong  conception  of  the  deposili  ihey  af* 
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liable  to  drift  from  the  inclination  at  which  they  were  started, 
as  shown  by  the  dotted  lines* 

83*     Beterminiii^  the  Uip  of  Inclined  Strata. — It  is 

often  advisable,  when  prospecting  with  a  diamond  drill,  to 
ascertain  the  dip  of  the  deposit.  Generally,  but  not  always, 
the  rock  cores  will  furnish  the  dip;  and,  in  case  there  is  no 
outcrop,  it  is  a  matter  of  importance  to  ascertain  the  dip^  m 
order  that  a  shaft  may  be  located  through  which  the  deposit 
may  be  worked. 

A  single  hole  drilled  through  a  formation,  as  in  W\%.  11, 
will  not  give  the  dip  unless  there  is  an  outcrop;  for  the  core 
is  liable  to,  and  probably  will, 
turn  in  the  core  barrel*  so  that, 
while  the  dip  shows  in  the  core^ 
it  cannot  be  told  in  which  direc- 
tion it  is.  If  the  next  hole 
should  be  put  down  either  to 
the  right  or  left  of  the  one 
shown,  the  dip  could  be  deter- 
mined; for  the  one  to  the  right 
would  not  be  so  deep,  while 
that  to  the  left  would  be  deeper 
to  strike  the  deposit.  From 
the  various  depths  obtained,  the 
inclination  can  be  plotted.     In  P*G.n 

the  case  of  vertical  deposits  such  as  veins,  holes  might  be 
drilled  to  an  indefinite  depth  on  either  side  of  the  deposit 
without  obtaining  valuable  information;  for  which  reason, 
deposits  of  this  description  are  seldom  explored  from  the 
surface  by  the  diamond  drill. 

84-  Irregular  Ileposlts.— Fig.  12  shows  an  irregular 
deposit  and  a  number  of  test  holes  put  down  in  various 
directions  and  close  together.  There  Is  no  good  reason  why 
holes  should  be  put  down  in  (his  manner,  except  it  be  due 
to  lack  of  surface  facilities  for  setting  up  the  drill  and  obtain- 
ing the  necessary  supply  of  waler>  The  cost  of  setting  up 
several  times  is  not  more  than  driiling  one  hole;  while  a  less 
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number  of  holes  than  were  drilled  at  i-  would  have  thoroughlf  i 
tested  the  deposit.     In  the  firure^  the  hole  a  if  has  passed 
through  a  small  detached  body  of  ore.     The  hole  cd  has 
passed  through  a  thin  portion  of  a  large  body  of  ore,  but  did 
not  strike  the  smaller  body.    A  vertical  hole  halfway  between  a 
and  c  would  have  answered  the  purpose  fully  as  well*     If  a 
vertical  hole  had  been  put  down  at  e^  and  then  another  hole^ 
had  been  put  down  halfway  between  c  and  t^  the  irregular<j 
ity  o!  the  ore  bed  would  have  been  determined*  so  that,  with^ 
five  holes,  as  much  information  of  importance  would  have  , 
been  gleaned  as  with  the  fourteen  holes  illustrated. 

By  the  careful  and  systematic  exploration  of  bedded  ore ' 
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deposits  with  drills^  it  is  possible  to  obtain  all  the  data  neces- 
sary for  laying  out  a  mine  or  attacking  a  new  portion  of 
deposit,  Diamond-driU  holes  have  been  put  down  about 
5,000  feet  in  the  Transvaal,  and  proved  that  the  gold  org 
worked  nearer  the  surface  reached  that  depth. 

Much  exploration  work  has  been  done  in  the  Lake  Super 
iron-ore  districts  with  the  aid  of  diamond  drills.    Unless  there_ 
are  geological  features  at  the  surface  that  are  indications  o| 
ore,  such  exploration  is  entirely  speculative.     Even  in  knov 
mineral  sections,  a  large  percentage  of  the  holes  will  ba 
barren,  as  is  the  case  in  oil-well  drilling.     To  put  down 


§42  PROSPECTING  49 

drill  hole  in  a  country  where  no  mineral  shows  or  has  been 
found,  with  the  hope  of  striking  some,  is  the  height  of  folly 
and  extravagance. 

85.  Advantag^es  and  Disadvantagres  of  Bore-Hole 
Prospectiiigr. — One  advantage  of  prospecting  with  diamond 
drills  is  that  several  holes  can  be  drilled  for  the  price  that 
one  shaft  would  cost.  Then,  if  it  is  desired  to  attack  a  deposit 
by  means  of  a  tunnel,  a  diamond-drill  hole  in  the  deposit 
will  prove  whether  the  mineral  extends  to  the  depth  of  the 
proposed  tunnel. 

The  disadvantages  of  prospecting  with  diamond  drills  are 
that,  in  case  of  veins,  if  the  drill  is  put  down  on  the  vein  and 
the  vein  changes,  there  is  nothing  definite  to  determine 
whether  the  vein  has  turned  to  the  right  or  to  the  left  or  has 
petered  out.  Then,  since  the  hole  is  small,  if  it  comes 
within  an  inch  of  a  deposit,  there  is  nothing  to  show  that  a 
deposit  has  just  been  missed.  Another  disadvantage  is  that 
the  drill  must  go  in  a  straight  line  and  cannot  follow  the 
sinuosity  of  a  vein  along  its  course — a  matter  very  neces- 
sary in  vein  mining,  particularly  where  values  jump  from 
one  side  to  the  other.  In  bedded  deposits  of  copper,  lead- 
silver,  and  zinc  ores,  diamond  drills  are  very  successfully 
used  below  ground  for  prospecting  purposes.  In  the  Joplin 
zinc  districts,  it  would  seem  in  some  instances  that  they 
could  be  used  to  great  advantage  from  the  surface. 

86.  Analysis  of  Drill  Cores. — When  prospecting  with 
diamond  drills,  all  cores  should  be  carefully  examined  with 
a  magnifying  glass;  and,  if  they  show  metallic  minerals, 
their  nature  should  be  determined  by  blowpipe  or  wet 
assay,  while  their  value  should  be  ascertained  by  quanti- 
tative assay. 

In  testing  for  lead,  zinc,  and  coal,  a  large  bit  is  preferable 
to  a  small  one,  because  of  the  abrasion  the  core  undergoes 
by  the  bit  and  core  barrel  revolving. 

If  it  is  desired  to  make  a  determination  for  iron  from  a 
core  obtained  from  a  hematite-ore  deposit,  the  iron  worked 
from  the  bit  and  core  barrel  must  be  separated  from  the 
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crushed  mineral  by  means  of  a  magnet;  otherwise,  the  analy- 
sis will  prove  wrong.  Before  this  method  is  adopted,  the 
ore  should  be  tested  to  ascertain  whether  it  is  magnetic;  for 
some  hematites  are  partly  magnetic  and  can  be  attracted 
by  the  magnet.  If  the  ore  is  magnetic,  the  result  would  be 
wrong  either  way  when  a  magnet  was  used.  There  are  times 
when  diamond-drill  cores  of  hematites  give  a  lower  percent- 
age of  phosphorus  than  the  ore  when  mined.  It  is  presumed, 
therefore,  that  the  wash  water  floats  away  the  phosphorus 
mineral.  This  is  correct,  for  it  has  been  noticed  that  porous 
ores  near  the  surface  are  often  quite  free  from  phosphorus, 
while  deeper  down  they  are  prolific  in  that  mineral.  As 
phosphorus  is  seldom  in  equal  proportions  throughout  an 
iron-ore  bed,  it  may  be  that  the  drill  passed  through  a  good 
portion  of  a  bed  low  in  that  impurity. 

87.  Value  of  Drill  Cores. — With  regard  to  diamond 
drilling,  all  ore  bodies  may  be  divided  into  three  classes: 

1.  Bodies  of  material  may  have  a  uniform  composition 
and  a  low  value  per  ton  and  may  depend  on  the  existence  of 
large  masses  for  their  market  value,  such  as  iron  ore,  salt, 
gypsum,  coal,  etc.  The  diamond  drill  furnishes  an  excellent 
means  of  prospecting  for  any  of  the  materials  that  come 
under  this  class. 

2.  Bodies  of  material  may  have  a  somewhat  less  uniform 
composition  and  a  higher  value  per  ton,  and  usually  may  be 
associated  with  more  or  less  gangue,  such  as  the  ores  of 
lead,  zinc,  copper,  etc.  The  value  of  the  diamond  drill  in 
prospecting  for  such  formations  varies  inversely  as  the 
amount  of  the  precious  metals  contained  in  the  ore.  That 
is,  if  a  deposit  is  mined  for  lead,  zinc,  or  copper,  the  ore 
must  be  of  a  somewhat  uniform  nature;  while,  if  it  is  mined 
mainly  for  the  precious  metals,  the  value  may  and  usually 
does  vary  from  point  to  point,  and  in  places  the  vein  may  be 
cut  out  entirely  by  horses  or  barren  portions  of  rock.  The 
liability  of  the  diamond  drill  passing  through  abnormally 
rich  or  through  barren  portions  of  the  vein  is  thus  very 
much  increased. 
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3.  Bodies  of  material  may  consist  of  rich  veins  of  sul- 
phurets,  etc.  In  prospecting  for  this  class  of  material  the 
diamond  drill  is  of  very  little  use,  the  valuable  material  being 
often  so  soft  and  friable  that  it  is  liable  to  become  ground  to 
a  powder  and  washed  away  by  the  drilling  water,  thus  leav- 
ing no  record  of  its  existence,  and  such  veins  are  so  erratic 
that  the  drill  is  liable  to  cut  them  either  in  barren  portions 
or  to  follow  a  rich  seam,  thus  giving  indications  very  much 
above  or  below  the  true  value. 

From  the  foregoing,  the  following  general  rule  may  be 
derived:  The  value  of  the  record  furnished  by  the  diamond-drill 
core  varies  inversely  as  the  value  per  ton  of  the  deposit  sought. 
Or,  stated  in  different  words,  the  value  of  the  record  furnished 
by  the  diamond  drill  is  greater  when  prospecting  for  low- 
grade  uniformly  distributed  ores  than  when  prospecting  for 
high-grade  irregularly  distributed  ores. 

The  diamond  drill  has  been  used  with  great  success  in 
prospecting  rich  deposits  of  the  precious  metals,  which  occur 
in  well-defined  pockets  or  large  masses.  If  the  diamond 
drill  encounters  native  copper,  the  metal  clogs  the  space 
between  the  diamonds,  thus  preventing  the  boring,  or  it  may 
even  block  the  bit  entirely,  causing  the  rods  to  twist  off. 
The  diamond  drill  has  been  us6d  very  successfully  in  pros- 
pecting for  low-grade  gold  deposits,  such  as  the  blanket 
reefs  of  South  Africa. 
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PROSPECTORS'  ASSAY  OUTFITS 


FIRE'ASSAY  OUTFIT 

88,  The  entire  restilt  of  a  gold-silver  assay  or  any  analytic 
determination  is  dependent  on  the  accuracy  of  the  weighinif, 
both  of  the  ore  charge  and^  more  particularly,  of  the  buttoa 
or  the  other  product  resulting  from  the  assay*  No  matter 
how  well  the  rest  of  the  work  is  done^  an  error  in  weighing 
either  the  charge  or  the  hutton  will  render  the  result,  as 
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quantitative  analysis,  worthlessias  the  amounts  to  be  weighed 
are  so  small  that  a  very  slight  error  will  multiply  itself  enor- 
mously when  the  results  are  reduced  to  the  basis  of  ounces 
of  metal  in  a  ton  of  ore*  Ores  containing  less  than  $3  in 
gold  per  ton  are*  in  some  instances,  profitably  worked,  and 
much  smaller  proportions  than  this  of  gold  can  be  recovered^ 
by  the  fire-assay,  and  the  buttons  accurately  weighed. 
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In  Fig.  13  is  shown  a  fire-assay  outfit  that  may  be  consid- 
ered typical  of  the  best  portable  outfits  manufactured.  At  a 
is  shown  a  button  balance  enclosed  in  a  case  having  a  rider 
attachment  not  shown,  with  which  device  all  the  more  delicate 
and  higher-priced  balances  are  equipped.  The  riders  are  set 
astride  of  the  beam  of  the  balance,  which  is  graduated  like 
the  beam  of  a  steelyard.  At  the  end  of  the  other  side  of  the 
beam,  a  small  depression  serves  as  a  pan  for  the  buttons.  The 
beam  is  of  aluminum,  with  steel  knives  and  bearings.  Forceps 
are  provided  for  handling  the  riders.  The  best  types  of  these 
portable  assay  balances  are  readily  sensitive  to  imt  milligram. 

At  h  is  shown  an  ore  balance,  with  which  weights  are 
furnished.  At  c  is  shown  a  porcelain  dish;  a?  is  a  lead  and 
borax  measure;  e  and  /  are  cupels  and  scorifiers,  which  are 
of  special  construction,  the  former  being  li  inches  and  the 
latter  1  inch  in  diameter.  A  pair  of  forceps  is  shown  at  g\ 
h  is  an  acid  dropper;  /,  an  oilcloth;  y,  a  blowpipe;  ky  a  spirit 
lamp;  /,  charcoal  slabs;  w,  tongs;  «,  a  rake;  o,  an  ivory 
scale;  p,  a  small  camel's-hair  brush;  ^,  a  button  brush;  r,  a 
large  fiat  brush;  and  ^,  a  large  and  a  small  spatula.  The 
sieve  /  and  the  mortar,  pestle,  and  anvil  u  are  all  of  special 
construction.  The  mortar  is  5  in.  X  5  in.  in  size,  and  is 
equipped  with  an  extra-heavy  pestle.  The  bottom  of  the 
mortar  is  smooth,  and  serves  very  well  as  an  anvil.  The 
sieve  is  made  of  brass,  with  frame  and  bottom  of  the  same 
material,  and  fits  over  the  end  of  the  mortar. 

The  furnace,  which  is  shown  at  v,  is  equipped  with  two 
muffles.  The  heat  for  the  furnace  is  generated  from  kero* 
sene  of  any  specific  gravity.  The  advantage  of  this  is 
apparent,  as  kerosene  can  be  obtained  anywhere.  The 
muffles  are  each  about  4  inches  long,  1}  inches  wide,  and 
\\  inches  high.  The  door  of  the  muffle  has  a  circular 
opening  at  the  top,  which  is  closed  with  a  removable  plug. 
The  door  has  also  a  rectangular  opening,  with  a  plug  at  the 
bottom.  At  the  top  and  back  of  the  furnace,  there  is  a 
diagonal  opening  leading  into  the  muffle,  through  which  the 
operations  going  on  in  the  muffle  may  be  observed  without 
opening  the  door.     The  muffle  may  be  removed,  and  in  its 
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place  a  crucible  support  used  that  can  accommodate  a  2i"  X  2i^' 
(5rgram)  crucible.  At  w^x.y,  and  ^  are  shown  a  test  lead 
box,  a  nitric-acid  bottle,  a  borax-glass  box,  and  a  hammer, 
respectively.  In  addition,  the  outfit  includes  some  lead  and 
silver  foil,  a  pair  of  scissors,  and  a  magnifying  glass. 


BliOWPIPING  OUTFIT 

89.  A  well-appointed  blowpiping  outfit  omits  nothing 
that  is  needful  and  includes  nothing  that  is  not  absolutely 
necessary,  as  the  prospector  would  soon  become  tired  of 
carrying  around  articles  not  needed  for  finding  and  deter- 
mining minerals.  Briefly,  the  prospector,  in  starting  out 
from  camp,  should  take  with  him  the  following  tools  and 
appliances:  a  blowpipe,  with  one  or  two  candles  and  some 
fluxes;  a  horn  spoon  for  panning;  a  compass  to  find  his  way 
about,  and  ascertain  in  which  direction  his  vein  points;  a 
2-foot  folding  rule,  or  a  small  tape  measure;  a  small  bar  or 
horseshoe  magnet;  a  magnifying  glass;  a  small  streak  plate; 
and  a  geologists*  hammer.  The  blowpiping  outfit  can  be 
packed  in  a  cigar  box  and  the  acids  carried  in  screw-top 
cases.  Stannous  chloride,  when  added  to  a  solution  of  gold, 
gives  a  purple  color,  hence  a  little  of  this  solution  might  be 
included  in  the  outfit.  The  acids  will  be  found  useful  in 
testing  rocks  as  well  as  minerals.  A  little  ammonia  water, 
i  dozen  test  tubes,  a  diamond  mortar  and  pestle,  and  an 
agate  mortar  and  pestle  should  also  be  taken  along.  Some- 
times, under  exceptional  circumstances,  some  of  these  articles 
may  be  omitted;  but  it  is  better  to  err  a  little  on  the  side  of 
overcaution  than  be  caught  in  the  field  insufficiently  equipped. 
Whatever  else  is  left  out,  however,  the  prospector  should  be 
sure  to  take  with  him  the  charcoal  and  fluxes. 


